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Thuc hién Nghi dinh 43/2000/ND-CP ngay 30/08/2000 ciia Chinh phii quy dinh chi
1ié1 vé hudng dén trién khai Ludt Gido duc, B6 Gido duc & Dao lao va BS Y 18 da phé
duyét, ban hanh cdc chieong trinh khung cho dao tao Dugc st Dai hoc. B6 Y 1é da 16 chirc
tham dinh sach va 1gi liéu gidng day - hoc cdc mon hoc co s6 va chuyén moén theo chuwong
trinh moi nham timg budc xdy dung bé sdch chudn trong céng tdc dao tgo Duoc st Dai
hoc nganh Y 1é. '

Sach dwoc khoa Duoc Dai hoc Y Duoc thanh phé Hé Chi Minh bién sogn dva
trén chuong trinh khung dd duoc B Gido duc & Pdo tao va B6 Y 1é ban hanh. Sdch
gom 09 bai, mébi bai dwoc trinh bay néi bt cdc noi dung: muc tiéu, ngi dung chuyén
mén, cGu hoi luong gid va rai liéu doc thém; dam bdo yéu cdu co ban vé kién thirc,
tinh chinh xdc va khoa hoc, cdp nhdt tién bé khoa hoc kj thudt vdn dung thuc tién.

Noi dung tai liéu chu yéu cung cdp nhiing kién thirc co ban vé sinh hoc phan ti,
cu thé 1a cde qud trinh sao chép, phién mq, dich md, diéu hoa hoat dong gen & té bao
nhdn nguyén thuy va 18 bao nhdn thdt, cdc nguyén nhdn gdy dot bién va cdc qud trinh
‘sira sai. Ngodi ra, con cung cdp cdc kién thiec vé bo gen cia té bao whdn thdt va cdc
kyp thudt phdn tich ADN hién dai. ’

Déi twong sir dung sdch, chi yéu la sinh vién cdc truong dai hoc Dugc. Ngodi ra,
sink vién cdc trwong dai hoc khdc cting ¢o thé st dung nhw tai liéu tham khdo.
Xin trdn trong gici thiéu ciing ban doc.

Nam 2006 cudn sach da dwoc Hoi dong chuyén mon thém dinh sdch gido khoa va
téii liéu day - hoc chuyén nganh Dugc cua Bo Y 1 thdm dinh va duoc B6 Y (€ ban hanh
lam tai liéu day - hoc chinh thitc cua Nganh Y 18 trong giai dogn hién nay. Trong thoi
gian tir 3 dén 5 nicim, sdch can duoc chinh Iy, bé sung, cdp nhdt.

 Cuc Khoa hoc Cong nghé va Dao tao xin chdn thanh cam on GS.TS. Nguyén Van
Thanh, PGS.TS. Trdn Cat Péng 15& cdc gidng vién Khoa Duoc Pai Hoc Y Dugc Thanh
phé Hé Chi Minh da bo nhiéu cong sirc dé bién soan cudn sdch nay. Sdch gido khoa
khéng thé trénh khoi nhitng thiéu s61, ching t6i rdt mong nhdn duoc y kién dong gop cua
dong nghiép va sinh vién dé cudn sdch cé chdt luong 16t hon.
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Ndm 1909, Johansen W. xudt ban chuyén khdo “Cdc yéu 16 ciia hoc thuyét
ding ddn vé bién di va di truyén” (Element de exakten Erblichkeitslehre),
trong d6 lan ddu tién xudt hién tir gen. Nam 1953, Watson vi Crick khdm phd ra mo
hinh xodn kép ADN dd thiic ddy nhanh chong su phdt trién cia di truyén hoc & mire do
phdn tir. Nam 1965, J. Watson xudt ban sdch “Sinh hoc phdn tir ctia gen” day 494
trang va dén ndm 1976, trong ldn tdi ban lan thir ba 34 day lén 739 trang. Tiép sau
do, hang loat tai ligu vé sinh hoc phdn tir ra doi.

Cho dén ngay 26/06/2000, tai Washington D.C, cong ty ti nhdn Celera Genomics
(Anh) va Dy én B6 gen Ngwoi (Human Genome Project) cuia Vién nghién citu Quoc
gia vé Sitc khée ciia Hoa Ky (National Institute of Health) dd phdc thdo ban dé b gen
nguwoi. Theo d@6, bo gen nguedi cé 3,12 ti nucleotid va 97% téng nucleotid dd duoc xdc
dinh trinh tu, trong do c6 8% §6 trinh tue da dit dung vi tri. Khoang 3% ADN c6 chita
gen, 97% con lai la ADN “khéng chirc ndng”. Trong t6ng 56 3% ADN nay cé khodng
30-50 nghin gen.

- "Ngay 14/4/2003, Té chirc Qué'c té Dinh trinh tw B gen Nguoi (International
Human Genome Sequencing Consortium) tuyén bo dd hoan thanh nhitng céng doan
cudi ciing ciia ban d6 gen nguoi.

Ké ban @b gen, cdc phwong phdp tim gen.c6 tinh chdt tri liéu s& dwoc thuc hién &
quy mé Ion va Duoc Iy b gen (Pharmacogenomics) sé khdm phd sdu hom bj gen
nguoi dé tmg dung trong nganh Dugc. '

Sdch gido khoa “Sinh hoc phdn tir” nhdm gitip cho sinh vién Dugc khoa hiéu
duge cdu triic co ban va chirc ndng cua gen. Sdch gido khoa g6m cdc chuwong: Nhédp
mon, Sao chép ADN, Cdc loai ARN, Sy phién md va md di truyén, Su tong hop
protein, Diéu hoa hoat dong gen, Nhiém sdc thé nhdn thdt, Dot bién gen va Cdc
phirong phdp co ban trong nghién ciru sinh hoc phan tir.

Cdc tdc gig rat mong nhdn dugc sy gop ¥ cita doc gia.
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Gay dot bién diém dinh huéng

Gen cb thé cam ing

Gen cb thé (ic ché

Gen diéu hoa

Gen gia

Gen nhay

Gen tién ung thu

Gen ung thu

Hach nhan

Hat F

B& gen hoc

Hé protein

Hé protein hoc

Heterogenous nuclear RNA

Hoa mién dich

Hoc thuyét trung tam

Hop Pribnow

Hop TATA

Hop tir ,

Hgp t& khong hoan toan

Kha nap

Khuén méau

Kiém soat am

Kiém soat cam (ng am.
- Kiém soat cadm (mg dudng

Kiém soat duong

Kiém soat sau dich ma

Kiém soat (ic ché am

Kiéu gen

Kiéu hinh

Missense mutation
Spontaneous mutation
Nonsense mutation
Restriction enzyme
Reverse transcriptase
Site — directed mutagensis
Inducible gene
Repressibie gene
Regulatory gene
Pseudogene
Transposon

Proto — oncogene

Oncogene

Nucleolus

F — prime
Genomics
Proteome
Proteonomics
hnRNA
immunochemistry

‘Central dogma

Pribnow box
TATA box
Zygote |
Merozygote
Competence
Template
Negative control

- Negative inducible control

Positive inducible control
Positive control

Post - translation control
Negative repressible control
Genotype

Rhenotype
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Tiéng Viét

Tiéng Anh

Ky thuat di truyén

Lai tai chd

Lai vét ADN

Lai vét ARN

Lai vét protein

Long ghép

Luc lap

Lutc tiép hop

Ma di truyén

Mang t€ bao chét

Moi

M@i trudng t6i thiéu

Ngoai nhiém sic thé

Ngén tay kém

Nhan con

Nhiém sic thé

Nhiém sac thé da soi
Nicotinamide mononucleotide -
Nicotinarmide — adenine dinucleotide
Nui

NuOt kep téc

Operon cé thé cam (ng -

Phage 6n hoa

Phan clia gen cau tric khong mang ma
Phan clia gen cau tric mang ma
Phén thira & dau

Phan {ng chudi polymerase
Phenyl ceton niéu

Phic hgp khdi dong dong

Phdc hop khéi dong mé

Phiic hop nhan dién tin hiéu xuat
Promoter vé tinh

Protein c&ng mach

Protein diéu hoa

Protein gan chop

Genetic engineering

In situ hybridization
Southem blot
Northern blot

Western blot

Catena

Chloroplast

Matting force

Genetic code

Cell membrance

Primer

Minimal media
Extrachromosome

Zinc finger

Nucleolus

Chromosome

Polytene chromosome
NMN

NAD

Loop

Hairpin loop

Inducible operon
Temperate phage

Intron '

Exon

Terminal redundancy
Polymerase chain reaction
Phenylketonuria

Closed promoter complex
Open promoter complex
Signal recognition particle
Spacer promoter

Single — stranded binding protein
Regulatory protein

Cap —binding protein




Tiéng Viét

Tiéng Anh

Protein hiéu ing
Protein (rc ché

Quang phuc hédi -

S&n pham khuéch dai
Sau dich ma

Sinh hoc phan td

Sinh vat chuyén gen
Sdi sém

Sdi khudn sém

Soi khudn mudn

Sdi mudn

Sy bién hinh dj lap thé
Su cat néi

Su da hinh dé dai cac doan cét gidi han

Sur di biét codon

Su hé bign

Su phién méa

Sy sao chép

Su tu cat ndi

Sy tu diéu hoa

Su (fc ché ngudc

Stra chita bang cach cét nucleotid
Tac nhan gay doét bién
Tai nap

Té& bao cho

Té bao nhéan

T& bao nhan nguyén thuy
Té& bao nhan that

Thanh t& bao

Thé cét ndi

Thé da hinh

Thé khuyét dudng

Thé nguyén dudng

Thé nhan

2-5HPT(DSBH)

Effector protein
Repressor protein
Photoreactivation
Amplicon

Paost — translation
Molecular biclogy

Genetic modified organism -
Leading strand

Leading strand template’
l.agging strand template
Lagging strand

Allosteric transformation
Splicing

Restriction fragments length
polymorphism

Codon bias
Tautomerization
Transcription

Replication

Self — splicing
Autoregulation

Feedback inhibition
Nucleotide excision repair
Mutagen

Transduction

Donor

Recipient

Prokaryote

Eukaryote

Cell wall

Spliceosome
Polymaorphism

Auxotroph

Prototroph

Ntclegi SEE—

THLCHE D KOROOARH YA CONSGHE BA KD
RIOVIEN |




Tiéng Viét

Tighg Anh

Thé sao chép
Thé sinh dudng
Thu thé

Thuc khuén thé
Tién thuc khudn
Tién virus

Ti€p hop

Tin sinh hoc

T8 chitc hach nhan
Trinh tu chung
Trinh tu diéu hoa

- Trinh tu huéng dan néi tai

Trinh tu két thic
Trinh ty ma hoé
Trinh tu t&ng cudng
Ung thu giac mac di truyén
Vi tri AP

Vi tri di€u hoa

Vi tri khdi dau

Vé virus

Ving khdi déng
Vung khéng dich ma
Viung khéng ma hoa
Ving mé& hoa

Yé&u t6 di truyén dong nghich

Yé&u té di truyén van déng
Yéu t& gidi tinh

Yéu t& kéo dai

Yé&u 6 két thic

Yéu t6 khdi dau

Yéu t& phéng thich ribosom
Y&u t6 tang cudng

Yé&u t6 téng trudng thugng bi
Y&u t8 ting trudng tir tiéu cau

Replicative form
Soma

Receptor
Bacteriophage
Prophage

Provirus
Conjugation
Bioformatics
Nucleolus organizer
Consensus sequence
Operator

internal guide sequence
Terminator

Coding sequence
Enhancer sequence
Retinoblastoma

AP site

Regulatory site
Initiator site

Capsid

Promoter
Untranslated region’
Noncoding region
Coding region

Retroposon, retrotransposon
Transposable genetic element

Sex — factor

Elongation factor
Release factor

Initiation factor
Ribosome release factor
Enhancer

Epidermal growth factor
Platelet — derived growth factor
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BANG DPOI CHIEU THUAT NGU ANH - VIET

Tiéng Anh Tiéng Viét

Activator Chat hoat hoa
Alkaptonuria Alkapton niéu
Allosteric transformation Su bién hinh di lap thé
Amplicon San pham khuéch dai
Anticodon D6i ma

AP site Vi tri AP
Aporepressor Chat (tc ché géc
Attenuator B& suy giam
Autoregulation Sy tu diéu hoa
Auxotroph Thé khuyét duding
Bacteriophage Thuc khuén thé

Base analogue Base dong dang
Bioformatics Tin sinh hoc
Bionanotechnology Cong nghé nano sinh hoc
Biotechnology Cong nghé sinh hoc
Blunt end Pau ti

Cap Chop

Cap — binding protein Protein gan chép
Capsid V& virus

Catena Léng ghép

Cell membrance

Cell wall

Central dogma
Chloroplast '

Chromatin

Chromosome

Closed promoter complex
Coding region

Mang t&€ bao chat
Thanh té bao

Hoc thuyét trung tam
Luclap

Chat nhiém sac
Nhi&m séc thé

" Phirc hop khdi dong déng

Viing ma hoa
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Tiéng Anh

Tiéng Viét

Coding sequence

Codon bias

Cohesive

Cohesive end
Competence
Complementary DNA
Conjugation

Consensus sequence
Conservative mechanism
Constitutive heterochromatin
Corepressor

De novo

DNA fingerprint

DNA microarray

DNA — dependent RNA polymerase
Donor

Double helix

Double — stranded DNA
Duchenne muscular dystrophy
Effector protein

Elongation factor
Enhancer

Enhancer sequence
Epidermal growth factor
Euchromatin

Eukaryote

Exon

Extrachromosome
Feedback inhibition

F — prime

Gap

Gel electrophoresis
Genetic code

Genetic engineering
Genetic modified organism
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Trinh tu ma hoa

Sy di biét codon

Dinh

Pau dinh

Kha nap

ADN b8 sung

Tiép hop

Trinh tu chung

Co ché bao tén

Chat di nhiém séc co cau

Chat déng c ché

Méi

Dau an ADN

Chip ADN

ARN polymerase phu thuéc ADN
Té bao cho '

- Chudi xo3n kép

ADN sgi déi

Bénh loan du'ang cd Duchenne
Protein hiéu (ng

Yéu t6 kéo dai

Yéu t& ting cudng

Trinh tu tang cudng

Y&u té tang trudng thugng bi
Chét nguyén nhiém sic

Té& bao nhan that

Phan clia gen cau tric mang ma
Ngoai nhiém sic thé

Su Uc ché ngudc

Hat F

Khoang tréng

Pién di gel

Ma di truyén

Céng nghé di truyén, ky thuat di truyén
Sinh vat chuyén gen



Tigng Anh Tiéng Vigt
Genome Bd gen
Genomics Bé gen hoc
Genotype Kiéu gen
Genotyping Dinh kiéu gen
Hairpin loop NUt kep toc

Heterocatalysis
Heterochromatin
Heterochromatin
Heterogenous nuclear RNA
Human genome project
Immunochemistry

.In silico

In situ _

In situ hybridization

In vitro

In vivo

Induced mutation
Inducer

Inducible gene
Inducible operon
Inhibitor -

Initiation factor

Initiator site

Insertion sequence
Internal guide sequence
Intron

Lagging strand

Lagging strand template
Leading strand

Leading strand template
Loop

Matting force
Merozygote

Messenger RNA
Microsatellite DNA

Di xuc tac

Chat di nhiém séc

Chat di nhiém séc _
ARN nhan khéng déng nhat, hnAR
Du an b gen ngudi

Hoa mién dich

Trén may tinh

Tai ché

Lai tai chd

Trong 6ng nghiém

Trén sinh vat

Pot bién cam ng

Chat cam dng

Gen cé thé cam (ng

Operon ¢ thé cam (ing

Chat (c ché

Y&u t6 khdi dau

V] tri kh&i dau

Boan chén

Trinh tu huéng dan néi tai

Phan cla gen cdu tric khéng mang ma
Sgi mudn

Soi khuén mudn

Sdi sdm

Sdi khudn sém

Nat

Luc tiép hgp

Hop t& khong hoan toan
ARN.thong.tin

ADN i v&-tinh
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Tiéng Anh

Tiéng Viét

Minimal media

Missense mutation

Molecular biology

Monocistron

Multiple control

Mutagen

Negative control

Negative inducible control

Negative repressible control
- Noncoding regicn

Nonsense mutation

Northern blot

Nucleoid

Nucleolus

Nucleolus organizer

Nucleotide excision repair

Okazaki fragment

Oncogene

Open promoter complex

Operator

Operon

Phage

Phenotype

Phenylketonuria

Photoreactivation

Platelet - derived growth factor

Polycistron

Polymerase chain reaction
Polymorphism

Polytene chromosome
Positive control -

Positive inducible control
Post — translation

Post - translation control
Pribnow box
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M®i trudng t&i thidu

Pot bién léch nghia
Sinh hoc phéan td

Pon cistron

Pa kiém soat

Tac nhan gay dét bién
Digu hoa am, kiém soat am
Kiém soat cam (ng am
Kiém soat Uc ché 8m
Ving khdng ma hoa
D6t bién vo nghia

Lai vét ARN

Thé nhan

Hach nhan

T8 chifc hach nhan

S(ra chira bang céch c3t nucleotid
Poan Okazaki

Gen ung thu

Phitc hop khdi ddng mé
Trinh tu diéu hoa

Pon vi phién ma

Thuc khuén

Kiéu hinh

Phenyl ceton niéu

- Quang phuc héi

Y&u 16 tang trudng tir tiéu cau
Pa cistron
Phén (g chubi polymerase

“Thé da hinh

Nhiém sic thé da sdi

Piéu hoa duodng, kiém soat duong
Kiém soat cdm (ng dudng

Sau dich ma

Ki€m soat sau dich ma

Hop Pribnow



Tiéng Viét

Ti&ng Anh

Primer M&i

Probe Boan do

Prokaryote T& bao nhan nguyén thuy
Promoter Ving khdi doéng
Prophage Tiém thuc khudn
Proteome Hé protein

Proteonomics

Proto — oncogene

Prototroph

Provirus

Pseudogene

Pulse field gel electrophoresis
Receptor

Recipient

Regulatory gene

Regulatory protein

Regulatory site

Release factor

Replicating fork

Replication

Replication bubble
Replicative form

Replicon

Repressible gene

Repressor

Repressor protein

Restriction enzyme o
Restriction fragments length polymorphism
Retinoblastoma

Retroposon
Retrotransposition
Retrotransposon

Reverse transcriptase
Ribosomal RNA

Ribosome release factor

Hé protein hoc
Gen tién ung thu
Thé nguyén dudng
Tién virus

Gen gia

Pién di trudng xung
Thy thé

Té& bao nhan

Gen didu hoa
Protein diéu hoa

Vi tri digu hoa

Y&u t két thac
Chac ba sao chép
Su sao chép

Bong bdng sao chép
Thé sao chép

Pan vi sao chép
Gen c6 thé (c ché
Chét (c ché
Protein ifc ché
Enzym cét gidi han
Sy da hinh do dai cac doan cat gidi han
Ung thu véng mac

Y&u té di truyén ddong nghich

Chuy&n vi nghich

Yéu t8 di truyén dong nghich
Enzym phién ma ngudc
ARN ribosom ,
¥&4 t§ phidng thich ribosom
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Tiéng Anh

Tiéng Viét

Rolling circle mechanism

Self — splicing
Semiconservative mechanism
Sex — factor

Signal recognition particle
Silent mutation

Single — stranded binding protein
Single — stranded DNA

Site — directed mutagensis
Small cytoplasmic RNA
Small nuclear RNA

Soma

Southern blot

Spacer promoter
Spliceosome

Splicing

Spontaneous mutation

Stop codon '
Superrepressor

Systemic lupus erythematosus
TATA box

Tautomerization

Temperate phage

Template

Terminator

Transcription

Transduction

Transfer RNA

Transformation

Transposable genetic element
Transposon '
Untranslated region

Western blot

Zinc finger

Zygote

Cd ché 1an vong

Su tu c3t ndi

Cd ché ban bao tén

Yéu té gidi tinh

Phic hop nhan dién tin hiéu xuat
Pét bién cling nghia, dét bién lan
Protein g&n sdi don

ADN sgi don

Gay got bién diém dinh huéng

- ARN t& bao chat nho, scARN

ARN nhan nho, snARN
Thé sinh duding

Lai v&t ADN
Promoter vé tinh

Thé cat ndi

Sy cét ndi

Pét bién tu nhién

B6 ba két thic

Chat siéu (c ché
Bénh héng ban lupus
Hop TATA

Sy hé bién

- Phage 6n hoa

Khudén mau

Trinh tu két thac

Sy phién ma

Tai nap

ARN van chuyén
Bién nap

Y&u t8 di truyén van déng
Gen nhay

Vung khéng dich ma
Lai vét protein

Ngon tay kém

Hop t
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Bail
NHAP MON SINH HOC PHAN TU

MUC TIEU

- Trinh bay duoe lich stz va phuong phdp nghién ciu sinh hoc phén ti.
~ Néu duoe muc tiéu va dot tuong mon hoc.

— Trinh bay dudce ede thanh tvu do éinh hoc phén tiz dem lai.

lLLLUOCSﬁ

" Qua trinh phét trién cta sinh hoc phén ti (SHPT) cé thé chia thanh ba giai
doan chinh. ‘ ' :

1.1.1. Giai doan hinh thanh cac tién dé

Friedrich Miescher kham pha acid nucleic vio nim 1869, khi d6 ong chi la
mét bac si 22 tudi. Khi thuy ph4n ma bénh nhan bing pepsin va acid hydrochloric
rbi chiét vdi ether, 6ng ta thu duge nhan t& bao. Khi xUt 1§ nhan t& bao véi kidm,
éng thu duge mét chit tia ma dng goi 14 nuclein va do tinh chit acid cta né nén
dugc goi 12 acid nucleic. V& sau Miescher st dung tinh triing clia ca hoi dé chiét
acid nucleic cho nghién cfiu cua minh.

Gregor Mendel kham pha quy luit di truyén nam 1865, khi nghién ciiu sy
truyén tinh trang trén ciy dau Ha Lan. '

Vio diu thé ky XX, Walter Sutton va Theodor Boveri di thiét 1ap mdi quan
hé gitta Di truyén hoc va Sinh ht_:c khi quan sat sy phan ly ctia nhidm séc thé & t&
bao. Nhung vi nhi®m séc thé chiia ca protein 14n acid nucleic nén ngudi ta bit dau

‘nghién ctiu dé xac dinh dau lavat ligu di-tuyewthit su.
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Frederick Griffith 13 mo6t nhan vién y t&€ ¢ London véi nhiém vu chinh I3
nghién ciiu céc con dich. Nam 1928 di nghién citu su nhiém ph& cAu khuén trong
dai dich cdm sau Thé chién I, trong dé ghi nhéin su chuyén déi kiéu hinh ti R sang
S ctia phé cdu c6 thé xay ra ngay ca khi ding t& bao chét. -

Nam 1944, Oswald Avery, Colin MacLeod, va Maclyn McCarty di céng bd
bang chiing thuc nghidém d4u tién ring chinh ADN la vat Liéu di truyén. Avery va
cac cong su doc bai bao cua Griffith va ho ¢d 1ip lai thi nghiém véi y dinh tim kiém
chét chiu trach nhiém cho su chuyén d6i nhung khéng thanh céng. Sau d6 nhd mét
phuong phap tach loai protein ra khéi dung dich cia M. G. Sevag ho di thanh
cdng trong viée chiing minh ADN chinh 14 tdc nhan truyén tinh trang.

. Niam 1951, Erwin Chargaff, da chtng minh trong ADN ty 18 nucleotid Adenin
luén bing Thymin; Cytosin biing Guanin hay néi cach khéc ty 1& base purin bing
ty 1& base pyrimidin; trong khi ty 16 A+ T = G + C va thay déi theo loai.

Nhung dén nim 1952, vai trd di truyén cia ADN méi duge xéc nhan. Khi
Hershey va Chase st dung k¥ thuat danh diu phéng xa dé chitng minh ADN chi
khéng phai protein 14 chit mang théng tin di truyén.

1.1,2, Giai doan Sinh hoc phén tit ra ddi

Nam 1953, mé hinh c&u tric ADN ctia Watson — Crick ra doi, duge xem 13
kham pha lén nhét trong Sinh hoc cia thé ky. M6 hinh xodn kép ADN do James
D. Watson va Francis H. C. Crick x4y dung la sy k&t hop cla cong trinh vé ty 18
nucleotid do Edwin Chargaff dé xuéng va céng trinh nghién cttu s¢i ADN béng tan
xa tia X ctia Rosalind Elsie Franklin v Maurice Wilkins.

Nam 1961, M. Nirenberg va J. Matthei tim ra b ma di truyen nhan tao ddu
tién. Dén gita nhiing nam 1961, toan b6 64 codon (b6 ba ma hoa) da dudc xéc dinh.

Dic biét nam 1961, F. Jacob va J. Monod tim ra co ch& di truyén diéu hoa
téng hc}p protein. 7 _

Nam 1962, Warner Arber phét hién ra enzym cét giéi han trong t& bao vi khuén.

Niam 1967, enzym ADN ligase dugc chiét xuadt. Enzym nay dugc xem la keo
dan phan ti, ¢6 thé ndi hai sgi ADN lai véi nhau.

Niam 1970, Hamilton Smith chiét dudc enzym cit giéi han.

1.1.3. Sinh hoc phén tw hién dai

" Trong thap nién 70 ctia th& ky XX, k¥ thuat di truyén ra ddi tao nén cude cach
mang méi trong di truyén va sinh hoc phan tii. Vide x4c dinh trinh tu nucleotid
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(ADN sequencmg) cia gen di nhanh chéng din dén k§ thuat mdi: gy dot bién
diém dinh huéng cho phép tao cac bién d6i tuy ¥ trén gen.

Nam 1973, A.C. Chang va Herbert Boyer, ... da tao dugc nhiing plasmid tai
t8 hop dau tién. Phuong phép nay dudc md rong vao nam 1973 va ngudi ta da néi
nhleu doan ADN vao plasmid SC101 tach ra tit E. coli. Cac phén tit tai t8 hgp
nay c6 thé ty sao chép khi dua vao té bao E. coli khac. Nhu vay, Sinh hoc phén tu
da thic ddy su ra doi cia mét nganh céng nghé méi 1 cong nghe di truyén.

Nam 1983, Randy Saiki v Kary Mullis..., da cong bé vige st dung PCR dé
khuéch dai cic doan gen [3—globin in vitro. Ti day thao tac ADN (ADN
manipulation), xac dinh trinh ty gen da phat trién réng rai va dng dung trong
nhiéu linh vuc khac nhau nhu chéan doan, bién d01 di truyén, x4c dinh pha hé,..

Cé6 thé noi SHPT trong giai doan hlen dai duge ap dung trong ba linh vyc
cht yéu:

— Nghién ctiu co ban vé cdu tric va chic ning cua ting gen.

- S3n xudt protein hitu ich béing phudng phap méi.

— Tao ra cac sinh vat bi&n d6i gen (GMO). '

Viéc hoan thanh ban d8 gen ngusi da gitp gidi quyét nhling vén dé 16n nhu
diéu tri ung thu, phat trién phoi, biét hoa & bao. '

Vao dau nam 1990, su k&t hop giita Sinh hoc phén t& va Tin hoc dua den mot
phuong phap méi la in silico (nghién ciiu sinh hoc trén may dién toan).

Bdng 1.1. Cac ¢t mdc quan trong trong su hinh thanh va phat trién clla SHPT

Thoi gian | Surkién
1830 Phét hién protein.
1833 | Phat hién va phan iap enzym dau tién.
1865 Di truyén héc ra doi: Gregor Mendel kham phé quy luat di truyén cac tinh
' trang. '
1869 Friedrich Miesdher kham pha acid nucleic
1879 Fleming phat hién chat nhiém sac.
1900 Drosophila (rudi gidm) dugc st dung trong cac nghién clu gen.
1906 Thuat ngit *Di truyén hoc” 18n déu tién dugc sl dung.
1911 Rous phét hién virus gdy ung thu dau tién.
1915 Phat hién thue khuén:{phage).
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Thoi gian . Swkién

1919 Lan dau tién tir "Cong nghé sinh hoc" (biotechnology) dudc ding.

1938 Thuét nglr "Sinh hoc phan tI" (molecular biology) duge duz ra boi Warren
Weaver. '

1941 Thuét ngit "Cong nghé di truy&n" (genetic engineering) dugc dung Ian diu, bdi
nha vi sinh vat hoc ngudi Ha Lan A. Jost trong bai giang tai hoc vién ky thuat
Lwow, Ba Lan. '

1944 Oswald Av'ery va cong su chiing minh ADN mang thong tin di truyén.

1946 Phat hién réng véi liéu di truyén tir cac virus khac nhau cé thé phéi hop dé tao
ra virus mdi, mét thi du vé tai té hap di truyén.

1947 McClintock kham pha yéu t3 di truyén van ddng "gen nhay" & bap.

1949 Pauling chimg minh bénh héng cau Iudi liém la moét "bénh phan ti" do dét bién
trong protein hemoglobin.

1953 James Watson v& Francis Crick cong bd cau tric xodn kép ADN, mé ra thoi
dai mdi cla sinh hoc.

1955 Phan lap duge enzym chiu trach nhiém tdng hop acid nucleic.

1956 Kornberg kham pha ADN polymerase |, dan dén viéc lam séng 6 co ché sao
chép ADN.

1958 Chiing minh bénh héng cau lugi liém chi do dgt bién 1 acid amin.
ADN dugc tach ra trong 8ng nghiém lan dau tién.

1959 Céc budc trong qua trinh sinh téng hgp protein dugdc phac hoa.

1960 Stf dung tinh chét bd sung cap base dé tao phan t& ARN — ADN lai.
Tim thay ARN thong tin.

1961 — 1966 | Kham pha ma di truyén gém cac bd ba (codon).

1967 May dinh trinh tu protein tuw déng dau tién hoan chinh.

1969 Téng hdp enzym in vitro 1an dau tién.

1970 Phat hién enzym gid&i han, mé dudng cho viéc tao dong gen.

1971 Téng hgp dudc gen hoan chinh dau tién.

1973 Stanley Cohen va Herbert Boyer cit va ndi ADN thanh ééng (ding enzym gidi
han v4 ligase) va tao ra ADN méi & vi khuan.

1976

Céac cong cu tai t3 hgp ADN lan dau tién dudc 4p dung cho ngudi réi loan di
truyén. :
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Thoi gian

Swrkién

Lai phén t{f dugc ap dung @& chudn doén tién sinh bénh alpha thalassemia.

Gen ciia n&m men dudc biéu hién & E. coli.

Trinh tu cla mdt gen duge xac dinh.

1977

L&n d&u tien biéu hién gen ngudi & vi khudn.

Phat trién ky thuat dinh trinh tu nhanh cac ADN dai nhd dién di.

1978

Xac dinh cac cau tric chi tiét cha virus.

Chimg minh kha ning dua dét bién diém vao vi tri d&c higu trén ADN,

Thap nién 70

Phat hién cac polymerase.

Hoan chinh k¥ thuat dinh trinh tu acid nucleic.

Binh hudng gen.

Cét ndt ARN.

1980

Trao bang sang ché ky thuat tao dong cho Cohen va Boyer.

Phat trién may t8ng hop gen dau tién.

Giai Nobel Hoa hoc cho ki thuat téi t6 hgp phan tir: Berg, Gilbert, Sanger.

1982

' Applied Biosystems, Inc., gidi thiéu may dinh trinh tu protein phé khi dau tién,
gidm thi€u Iugng protein c&n dé dinh trinh tu. :

1083

T8ng hop nhiém sac thé nhan tao dau tién.

Cac dinh vi di truyén dau tién cho céac bénh di truyén dugc phat hién.

1984

Phat trién k¥ thuat ddu 8n ADN.

Toan bd b gen ciia HIV dugc tao dong va dinh trinh .

1985

Tim thdy cac dinh vi di truyén cla bénh than va xd nang.

PCR dugc phat minh. Va trd thanh cong cu chinh trong nghién clu va phat
trién san pham khap thé gidi. :

K&t qua dau an di truyén déu tién duge sif dung dé tranh tung tai toa.

1988

Quéc hdi My thong qua Human Genome Project.

1989

Bat dau Plant Genome Project.

Théap nién-80

Cac nghién c(u ADN dugc dung 38 xac dinh lich sif tién hoé.

'Phét hién ribozyme va retinoblastoma,

1990

Human Genome Project dugc khei déng!
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Thai gian Swkién

1994 Gen ung thy vi ddu tién duge phat hién.

1995 Trinh tu bd gen hoan chinh cla mdt sinh vat khdng phai virus dudc xac dinh:
Hemophilus influenzae.

1996 Phat hién gen lién quan dén bé&nh Parkinson. '

1998 Ba gen clia déng vat dau tién, giun C. elegans, dudc dinh trinh tu.
Ban d6 sd b clia. bd gen ngusi dudc cong bd cho thay ¢ hon 30000 gen.

Théap nién 80 | Ban an déu tién dugc tuyén dua vao bang chiing ddu &n di truyén d Anh

2000 Ban d6 gen hoan chinh cla thuc vat dau tién: Arabidopsis thaliana.
Coéng b6 ban dd so bd cla bd gen ngudi.

2001 Hoan chinh ban d6 gen cay luong thuc dau tién: cay lua.
Hoan chinh ban d8 gen clia vi khudn ndng nghiép: Sinorhizobium meliloti, vi
khu&n c@ dinh dam va Agrobacterium tumefaciens, thudc diét sau ray thuc vat.

2002 Ban dé proteom so bé dau tign clia ndm men.
Thanh 1ap t8 hdp qudc t& dinh trinh ty cac ky sinh triing gay s&t rét va mudi sot
rét.
Cac nha khoa hoc 1am sang té cac yéu t8 kiém soét su biét hoa t€ bao goc,
x&c dinh trén 200 gen lién quan.

2003 Céng b6 phién ban thd clia bd gen ngudi hoan ch?nh.

2004 FDA Ian ddu tién céng nhan hé thdng ADN microarray, Ampli Chip Cytochrome |,
P450 Genotyping Test, d& gidp chan doan bénh.
Giai ma Bo gen Ga.

20/10/2004 | Coéng b6 ban md ta khoa hoc hoan chinh clia Bd gen Ngudi cho thiy co

khoang 20000 — 25000 gen ma hoa cho protein. '

1.2. POI TUONG VA PHUONG PHAP NGHIEN CUU-

1.2.1, Pinh nghia -

Sinh hoc phéan t& 13 mot bd phan cia Sinh hoc, khoa hoc vé su sfng, véi d6i
tuong nghién ctu 12 su séng 6 c&p d6 phan td, tap trung vaoe cac khia canh vé cau
tric, su sao chép va biéu-hién ctia-gen; su tucng tdc-va chiic ndng sinh ly cua céc
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san phim ctia gen. Cac khoa hoc sinh hoc khac nhu Di truyén hoc hay Hoa sinh
cling nghién citu sinh hoc 8 mic do phén tud, tuy nhién thién vé chic néng sinh hoc
cha gen hay sin phiam clia gen hon la chinh cac phan tu nay (Hinh 1.1).

Chiic niang .
Ho4 sinh hoc,~” Di truén hoc

Protcin Gen

Sinh hoc phan
ur

Hinh 1.1. Quan hé giita sinh hoc phan tir véi cac khoa hoc sinh hoc khac
1.2.2. Hoc thuyé&t trung tim |
Hoc thuyét trung tdm (Central Dogma) cua Sinh hoc phén 4 duge phat biéu 14n
d4u tién bdi Francis Crick nam 1958 v& su luén chuyén théng tin cha sinh
vat: "Thong tin khi da chuyén sang protein thi khong thé 14y ra lai dugc". Nghia 1a

thong tin khéng thé chuyén ngude tit protein dén acid nucleic. Thong tin d day 12 trinh
tu chinh xac cac nucleotid ctia acid nucleic quy dinh trinh ty acid amin ciia protein.

ADN I.'__.rARN I__ﬁotein |

Hinh 1.2. Sy luan chuyén théng tin cla sinh vét
Theo d6 théng tin c6 thé duge chuyén giiia cac phin ti ADN théng qua su sao
¢hép hoac gitta phan ti ADN va ARN théng qua sy phién ma ho#c tir acid nucleic
dén protein nhé su dich mé. Ngoai ra, théng tin con c6 thé di chuyén gitia ARN dén
ARN trong qué trinh sinh sdn ctia cac ARN virus hay qua trinh xi Iy cdt néi cua
ARN hoiic ngude lai tit ARN dén ADN trong qua trinh phién md ngugc cta
retrovirus. Céc qua trinh nay nghién cfiu chi tiét trong Sinh hoc phén tu.

1.2.3. Cac phuong phap nghién ctitu

Tw cubi nhiing ndm 50 dén ddu nhiing nam 60 clia thé ky XX, cac nha Sinh
hoc phan tii da c6 dude cac k§ thuat @8 phan lap, xac dinh déc tinh va thao tac
trén cAc phan t sinh hoc nhu ADN, ARN va protein. Céc ky thuat nay bao gbm:

1.2.3.1. Tao dong biéu hién |

Tao dong 'biéu hién dude st dung dé nghién céiw chiic ning protein. Poan ADN
cdn quan tdm dude tao dong vio mot plasmid v duavio té bao d€ biéu hién. Bang
cach thay déi co cdu biéu hién trén plasmid hodc'tinh ché protein ngudi ta ¢ thé
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hiéu dugc cach thiic diéu hoa hoat ddng clia gen, quan hé ctia né véi hoat dong cuia
cac gen hay protein khac cling nhu cfu tric va chiic ning cua né.

1.2.3.2. PCR

PCR 13 mét ky thuat cho phép khuéch dai mét doan gen dic hiéu dé thu dude
nhiéu ban sao phuc vu nghién ctiu. Bén canh d6, PCR ciing cho phép dé dang dua
cac thay déi, dot bién vao ADN dé nghién ciu.

1.2.3.3. Dién di gel

Day 12 mét céng cu phén tich chinh trong Sinh hoc phin ti. N6 dua vao viéc
phan tach cac phén td sinh hoc nhu ADN, ARN, protein trong dién trudng, trong
d6 cac phan ti nay sé di chuyén dudi tac dong cha dién trudng xuyén qua mdt hé
gel, do d6 chiing c6 thé dudc tach ra theo kich thudc hay dién tich.

1.2.83.4. Lai vét Southern va Northern

Ky thuat lai vét Southern duge st dung dé phat hién sy hién dién cia mdt
trinh ty ADN déc hiéu trong mau bing cach chuyén céc phan ti ADN da duge
phan téch bang dién di gel sang mét mang rén va cho lai dé phat hién nhd mét
doan do dic hiéu c6 danh ddu. Ky thuat lai vét Northern véi nguyén ly tuong ty
nhung duge 4p dung cho di tugng ARN, dude s dung dé nghién céiu sy biéu hién
cua cac ARN.

1.2.3.5. Lai vét Western va hod mién dich

Protein ciing c6 thé dudc phan tach trén gel va lai vét trén mang ran (lai vét
‘Western) va phat hién bing k¥ thuat hoa mién dich. Nhg d6 ¢6 thé nghién ctu sy
hién dién clia protein trong t& bao va lién hé véi sy biéu hién ctia gen tuong ing.

1.2.3.6. Ky thudt array

K§ thuat array cho phép dat rit nhidu miu do acid nucleic vao céac chém nhé trén chip.
Céc mau do duge thiét ké ¢6 trinh tw bd sung véi trinh tir acid nucleic (ADN hay ARN)
dich. Array duge dung aé nghién ciru sy biéu hién gen, phat hién cac bién déng v& trinh ty
acid nucleic trong t& bao cin nghién cimi. Array ciing c6 thé duoc thiét ké sir dung khang
thé d& nghién ciru sir bién dong ciia protein (protein array). -

1.3. NHUNG PONG GOP LON CUA SINH HOC PHAN TU HIEN NAY

1.8.1. Genomics: giai ma bd gen va nganh hé gen hoc

Viéc gidi ma gen, truée ddy, theo phuong phép thii ¢dng, mdi tudn, m&i ngudi chi thuc
hién duoc mot vai phan tmg gidi trinh ty véi ning suit 300 bp/phan tmg. Ngay nay véi hé
théng may mao mach c6 thé xic dinh tu dong dong thai 96 phan tmg voi d¢ dai trén 1000
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bp/phan tmg. Nho d6 dé an giai trinh ty bd gen nguoi dai 3,2 ty nucleotid d& hoan thanh
vao thang 4/2003.

99% bd gen ngudi da duoc giai trinh tw v6i ndi dung chinh xac 99,99%. Thanh tyu vé
gial ma bd gen ngudi va nhidu sinh vt khac nhu rudi gidm, giun tron, chudt va cac vi sinh
vét khic nhw E. coli, Saccharomyces cerevisae, C. briggsae, Drosophila pseudobsura va

"gén diy cia ciy lta nuée, di mé ra mdt nganh khoa hoc méi 1a “Bo gen hoc - Genomics™
chuyén nghién ctra v& cdu tric va chie néng cia toan bd b) gen sinh vat.

Genomics (b§ gen hoc) 1a khoa hoc nghién ctru mt cach hé théng céc trinh ty ADN
déy du (genome) cua sinh vat. Genomics thiét Jap thoéng tin vé& su sdng bing céc tiép can
mot cach hé théng va c6 thé tién hanh & quy mo cdng nghiép. Genomics khac véi genetics
(di truyén hoc). Genetics nhim v&o cic gen don 18, tai mot thoi didm, nhu 13 chup anh

" nhanh. Genomics cb ging nhiim vio tit ca cac gen nhw mdt hé dong hoc, qua thoi gian, dé
xac dinh ching tuong tac nhau va dnh huong nhu thé nao dén cac con dudmg sinh hoc, cac
mang ludi va sinh ly trong ngit canh téng quat hon. Nhu vay, genomics chinh 1a m§t nhanh
khoa hoc giai ma théng tin duoc luu trong ADN va kham phé cac théng tin nhur s6 luong
gen, t& chitc va ndi dung cha bo gen. Thong tin nay dwoc img dung nhidu trong y t&, néng
nghiép, sinh hoc tién hoa va cac linh vue khoa hoc khéc.

C6 nhiéu loai genomics tiiy theo khia canh va linh visc ma né nghién ciru 4p dung, vi
du nhu plant genomics, pharmacogenomics,... '

Kha ning gidi trinh tu diy di b gen sinh vt da diy manh viéc xac dinh chiic
niang cac gen & mic d6 nghia réng cia bd gen. Vi cic gen cé chlic ning lién quan
duge diéu hoa cung nhau, cac k§ thuat dé danh gia su biéu hién toan bd gen sé
gitip nhan dinh co ché khéi ddu va cum cac trinh ty gen méi c6 chiic nang kién
quan. X&p céc trinh t gen thanh cac nhém chiic ning theo sy biéu hién clia gen @
cho huéng din co ban céc thuc nghiém b3 sung, nhim xac dinh dsc diém chic
ning chinh x4c clia sdn pham cudi ciing ctia gen. Trong hai thap ky vita qua, cac
ky thuat dé danh gia sy biéu hién gen d& c6 nhiing ti€n b, tit cac phuong phéap
trén cac gen don 1& dic hidu (vi du lai vét Northern, slot va dot; phién ma nguge va
PCR ban dinh higng va dinh lugng; phuong phap bao vé nuclease) dén cac ky.
thuét tap trung vao nhan dinh tit ca cac gen c6 biéu hién khac nhau giita hosc
trong cidc mAu thi nghiém. .

Cac phudng phap dé nhan dinh cac khac biét ciia biéu hién gen gdm c6 lai loai
trit (subtractive hybridization), trinh dién khac biét (differential display), phén
"';‘tich hang loat biéu hién gen (SAGE, serial analysis of gene expression) va lai vi
“ban trai (microarray hybridization).
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1.3.2. Proteomics: phén tich bién djng protein va nganh hé protein hoc

Proteomics 14 khoa hoc nghién ciru & qui mé 1én vé protein nham thiét lap cc nhan
dang, sb luong, céu tric va chuc néng sinh héa va té bao cua tit ca protein trong co thé, co
quan hoic tiéu co quan ciing nhu sy thay déi cac dic tinh nay theo khéng gian, thoi gian va
trang thai sinh 1¥. Proteome (hé protein) 14 toan b protein dwoc bidu hign bai mot loai té
bdo hay sinh vt nao dé tai mét thoi diém trong mét diéu kién nhét dinh.

Proteomics thudmg duge xem 1a bude tiép theo sau genomics trong nghién ctru céc hé
théng sinh hoc. N6 phirc tap hon genomics nhiéu, chu yéu vi bd gen cia sinh vat én dinh
hon, trong khi proteome khac nhau gifta cac té bao va thay dbi lién tuc do cac twong tac
cua nd véi bd gen va mdi trudng. Bén canh d6, mdt sinh vat c6 su biéu hién protein khac
nhau hoan toan & céc phin khic nhau trong co thé. Mot khé khan chinh nira 13 tinh phitc
tap vé& clu triic cna protein. |

Kién thiic v& proteomics sé gitip hiéu sinh vat t6t hon nhiéu so véi genomics.
Cac phudng phap nhu phosphoprofeomics va glycoproteomics dude dung dé nghién '
ciiu cac bién d6i sau dich méa (post translational modifications). Cac nghién ciuu

proteomics bao gébm nghién ciu tudng tac ctia cac protein va nhéan dién protein.
1.3.2.1. Tuong tdc cua cdc protein

Hau hét cac protein hoat déng hdp tac véi cdc protein khéc va mot trong
nhiing dich ctia proteomics 14 nhan dién tudng téc cla cac protein. Day thudng 1a
ddu moi quan trong vé chic ning cta cic protein mdi tim ra. P4 c6 mot vai
phuong phap dé dd cac tuong tac protein — protein. Phuong phép kinh dién 1a phéan
tich lai d6i trén nim men (yeast two — hybrid analysis). Cac phudng phap méi gom
c6 vi ban trdi protein (protein microarrays), sic k& 4i ldc mién dich
(imrnunoafﬁﬂity chromatography), ti€p theo 13 khéi phd (mass spectrometry), va
k&t hgp cac phudng phap thyc nghiém nhu trinh dién phage va cac phuong phap
may tinh.

1.3.2.2. Nhign dién protein

Dé nghién ciru proteomics, truée hét protein phai dugc phén giai, déi khi & qui mé
16n. C6 thé tach protein bang phwong phap dién di hai chiéu trén gel (two-dimensional
gel electrophoresis). Trong k¥ thuit nay, diu tién protein dugc tach theo diém déng
dién va sau d6 theo trong luong phan tir. Cac vét protein trén gel c6 thé duoc quan sat
nhér cac chit nhuém héa hoe khéc nhau hodic cac ddu hiéu huynh quang. Thudng thi cac
protein c¢o thé dugc dinh Iugng. dya vao cuong. dd.nbudm mau cia chiing. Cac protein
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duoe nhan dién sau khi da dugc tach riéng va dinh luong. Céc vét riéng 1& duge cit ra
khéi gel va cit thanh céc peptid b%mg cac enzym thity phan protein. Sau d6 cac peptid
nay duge nhén dién bing khéi phd, dic biét 1a khéi phd MALDI-TOF (Matrix-Assisted
- Laser Desorption-Ionization Time-Of-Flight). | -

_ Céc hdn hop protein ciing ¢ thé duge phén tich ma khong cén tach trude. Quy trinh nay
bt dAu bang phén giai cc protein trong hon hop. Céc peptid tao thanh thudomg dwge bom
vao cdt sac ky long hiéu niing cao (HPLC) dé tach céac peptid dua vao tinh khong wa nudc.
HPLC ¢6 thé dugc ghép truc tiép véi MALDI-TOF. Céc peptid tach ra tir cdt c6 thé duoc
nhén dién bang khdi phd song song (MS/MS). Trong mdt s6 trucmg hop, khdi phd co thé
duoe ding dé xéc dinh trinh tw acid amin cta protein.

1.3.2.8. Céc Ey thudt duge su dung trong proteomics

—~Pién di médt chidu va hai chidu trén gel (One — and two -~ dimensional gel
electrophoresis). ' | '

~Tan xa tia X vi céng hudng tit hat nhdn (X - ray crystallography and
nuclear magnetic resonance).

— Khéi phd song song két hop voi sfc ky dao pha hodc dién di ha1 chiéu.

— Khéi phd (khong song song), thudmg 13 MALDI-TOF.

— Séc ky 4i luc, k¥ thuit lai doi trén nidm men, FRET (Fluorescence Resonance Energy
Transfer), vd SPR (Surface Plasmon Resonance) dugc dimg dé nhan dinh twong tac
‘protein-protein va protein-DNA.

— Cong cu.tin sinh hoc. '

Véi cac ky thuat sic ky, dién di, trude ddy ngudi ta chi nghién ettu duge tiing
loai proteln riéng ré. Ngay nay, khi phéi hep sfc ky da chiéu va khoi phé ngudi ta
c6 thé phan tich cimg lic 5000 loai protein va két qua cho phép chén doan sém
nhiing bénh hiém nghéo nhu ung thu mau. Proteomics nhim tién t6i gidi ma chic
ning sinh hoc ctia hé gen, song truée mAit chi mdi nghiéﬁ ctiu duge nhiing bién d6i
hoat déng ctia cac nhém gen trong diéu kién bénh 1y, cung cdp théng tin cho viéc
chén doan sém, phong trit va diéu tri nhleu loai bénh khac nhau.

1.3.3. Genomics, proteomlcs va sy phat trién thudc

Phat minh va phat trién thudc 12 mdt qua trinh dai, d€ sdn phém ra thi trudng
cAn khodng 15 nam tir khi ¢6 ¥ tudng cho thudc ¢6 dich tiém ning. Cac gial doan co
ban qua trinh dugc minh hea trong Hinh 1.3
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Thif tam Phé chuin
sangl 1,0, v

Phat minh thuée -Tién lam sang

Tiéu thu

v o -Cac phan® -~ -
“tinhe - Dan . Thi
thudc  thude

Céc dich..  Thir
~thade " té bao -

Co hdi Hidu vé bénh, dich vu tién, Genomic du dodn Thir d6 an todn, N,han_dién ti 1€, cdc
nhin dinh dich mai ddc tinh trén ngudi  hidu  qud, dau yéu 1§ nguy co cho
hiéu sinh hoc ’ SIr an toan va sy can

thiép lam thudc an
todn hon treng firong
lai

Hinh 1.3. Qua trinh phat minh va phat trién thudc
va céac co hdi tham gia clia genomics, proteomics

1.3.3.1. Pharmacogenomics va chién lige phdt trién thuée

PPharmacogenomics (dugc ly bd gen) nghién ciru sy anh hudng cua di truyén 1én
dap tng cta co thé véi thube. N6 1am thay dbi co ban cach st dung thuée va qua trinh
phat trién thudc. Nguyén nhan cia su thay doi 1a nhirng thanh tyu trong linh vuc bd gen
ngudi (human genome, ban db da hinh don nucleotid (single-nucleotide polymorphism,
SNP), dinh typ gen (genotyping) va tin sinh hoc (bioinformatics).

Céc loi ich ma pharmacogenomics dem lai gdm cé:

— Cho céc thudc cbng hiéu hon. Cic thudc méi dua trén cac phan tir protein,
enzym, va RNA lién quan dén céc gen va bénh dugc ché tao. Nghién cira cic dich téc
d6ng phan tir cho phép dua ra lidu phip ¢6 tinh chuyén biét. Phan tir thuc c¢6 thé duoc
t6i uu hoa cho céc dich chuyén biét nay do d6 ¢ tac ddng manh va chuyén biét hon.

— Cho cac thubc tbt hon, an toan hon ngay tir d4u. Thay vi phuong phap thi-va-sai
(md mim) & cac bénh nhan phi hop véi céc thube dung, tir ban dAu cac bac si c6 thé
phén tich lugc db di truyén cia bénh nhan va ké toa thudc tét nhéit da c6. Day khong
chi 1a cong viéc tam thoi dé tim thudc dung, ma thoi gian binh phuc nhanh va tang do
an toan vi cac phan ung phu cé thé xay ra s€ duge han ché. '

— Xac dinh lidu thudc thich hop bing phuong phép chinh x4c hon. Cac phu’o’ng
phép hién nay dé dinh lidu co s& theo trong lugng va tudi.s& dugc thay thé bang dinh
' lidu co s& theo di truyén clia con ngudi - co thé xir 1y thudc va thoi gian chuyén héa no
nhu thé nao. Didu nay s& t5i da hoa gia tri cha lidu phap va con giam kha ning qua liéu
xéy ra.

— Tién xa trong sang loc bénh. Kién thirc m3 di truyén ngudi s€ cho phép con
ngudi tao 181 sbng thich hop va céc thay 461 mdi trwong som dé tranh hodic giam mirc
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d6 trdm trong cia bénh di truyén. Tuong tu nhu vdy, tién bd trong hiéu biét tinh nhay
cam cia bénh dic biét s& cho phép dua ra bién phap theo doi va diu tri cin thdn &
nhitng giai doan thich hop nhét dé t6i da hda lidu phap cho chung.

~ Cai tién trong phat minh, phat trién thudc. Viée thir thubc dugc tién hanh trén
nhém dén s6 ¢6 di truyén chuyén biét - cho murc d6 thanh cong lém hon. Gia thanh va

1ii 1o cha céc thir nghiém 14m sang gidm do chi nhim vao nhitng ngudi cé the déap tmg
v6i thube. ‘

— Giam chi phi trong chim séc sitc khoe. Giam sb luong cic phan ¥mg phu cia
thudc, sé lyong thir thudc thét bai, thoi gian dé thubc duge phé duyét, thoi gian bénh
nhén can ding thubc, sb lirong thube ma bénh nhan phai dung dé didu tri hidu qud, anh
hudng cuia bénh 18n co thé (do phat hién som) gitp giam chi phi cham séc ste khoe.

\% —— 7 @?)gg}
& AR N
a. Gen dich b Protein dugc biéu hién g Tong hop song song  h Thirsinhhoc ™

HTS: High Throughput Screening - Sang loc higu nﬁ’ng cao _
SAR: Structural Activity Relationship - Lién quan ciu tric tic dung
Hinh 1.4. Mot vi du thwe tién va kinh té cha chién lvgc chemogenomics

Trinh t gen cua cac dich da dwoc xac dinh bing cac tiép cin genomics duge tao dong va biéu hién
thanh c4c protein dich (a,b) va cac protein nay thich hop cho viée sing loc véi mot thu vién mau do gbm
cac hop chiét gidng thudc (c). Cac hop chét nay duoc sang loc dé tim cac phén tir ¢6 hoat tinh bing cach
sir dung mot thir nghiém lién két c6 tinh phd quét va dinh lugng (d). Cac phén tit ¢é hoat tinh ban déu
hay céc dix lidu dinh lugng vé hoat tinh-cdu tric phat sinh tir thir nghiém lién két duoc phén tich (e) va sir
dung dé thiét 14p chién lugc chon loc cho su téng hop méi céc hop chét véi cac dic tinh duge cdi tién.
Ciéc hop chit nay duge chen tir mot co s& dif lidu cac ddng ding c6 thé tdng hop duge ciia thu vién méu
do ban déu (f) duge tdng hop bang ede phuong phap tng hgp-song song (g) va duge thir nghiém (d) dé
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thiét 1ap profile hoat tinh-cAu tric cia dich dang nghién cilru va dé tinh chinh céc tidu chi sang loc & cic
vong tiép theo. Trong mBi chu k¥, wu thé dugc gin cho céc ng vién tong hop bang cich sir dung cdc
qud trinh t8i uu hoa da bién dugc thiét ké nhim dam bao cic hop chit khong chi duge t6i uu héa vé 4
luc gén véi dich ma con c6 cic dic tinh gibng thubce dé cho phép ching duge sir dung truc tiép nhu 13
cac hgp chit miu trong cic mé hinh sinh hoc hay té bao thich hop (h).

1.3.8.2. Chién luoc chemogenomics dé phdt minh thuéc

Céc thanh tyu trong genomic va proteomic dé nhan dién cac dich méi cho sy
can thiép ctia thude 1a cac cd héi chua tiing c6 cho phat mlnh cac tac nhan mdéi co
cac k1eu liéu phap tac dong mdi.

Su tiép can cua "chemogenomms" dé danh gia dich ding théng tin co ban cung
cdp bdi trinh tu dich dé lam protein va roi sau d6 phat minh "hgp chit ¢bng cu”
phén tif nhé tuong tac véi dich. Hop chét cong cu c6 thé duge danh gia trong md
hinh bénh d€ thii truc tiép gid thuyét tri liéu. Sy ti€p cén nay ¢6 thé duge thue
hién nhu mét qua trinh song song va dac biét thich hgp dé phat minh thudc trong
nhiing ho 16n. Mét vi du cta chién luge chemogenomics dé phan lap cac dich phan
t dudc phéac thao trong Hinh 1.4.

1.3.4. San xuit va st dung chip ADN

Chip ADN c6 hinh dang giéng nhu mét con chip v6i nhitng chi&m ADN thay
cho transitor. L4 mdt manh mang lién két cac c6 kich thudc 20 x 40 mm dudc In
trén d6 cac doan ADN. Vi du chip bd gen ngudi dugc in 20000 — 50000 gen 4] nhlmg
diém chdm vudng cuc nhé.

Khi lai chip ADN nay v6i san phidm phién mi coa b$ gen co thé, cac cham
ADN d6i mau tudng fing v6i midc d6 hoat dong cfia nhiing gen tudng dng trong co
thé & trang thai va théi diém nghién ctu. Tit d6 k&t luan duge tinh trang bénh 1y
ctia bénh nhén. ' :

Chip ADN dang din dan tré thanh cbng cu chin doan trong cdng nghiép len
men vi sinh, trong y hoc dy phong, trong kidm dich va an toan thuc phim va trong
kiém soat méi trudng.

1.8.5. Chuyén gen vao ciy trong

Nguéi ta thuc hién chuyén vao cdy trong céc loai gen ting cudng kha ning
khang sdu bénh nhu gen khang sfu nhém oxy/VIP gen khang virus nhém CP/Nbi,
gen khang thudc diét c6 nhém bar. Nhiing céng trinh chuyén gen la vao thudc 1a
cho thay thuc vat c¢6 biéu hién gen la giéng nhu E.coli. Vao nhitng ndm 1996, cac
nha céng nghiép (Monsanto) da dua ra thi trudng nhiing san phim'ciy chuyén gen
ddu tién nhu bip (ngd), dau-nanh-vi-bdng vii-Nam-1996 trén thé gisi méi cb
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0,5 ha cay tréng chuyén gen dude dua vao san xuét. Pén nay (2003) dién tich tréng
cay chuyén gen trén quy mé toan ciu da 18n t6i 67 triéu ha. Ngay nay, ngudi ta
dang tim cach dua gen sén xuét vacein, gen san xufit duge chét (cac pepetid nhd),
cac chat dinh dudng (vitamin A),... dé cay trong ti luong thuc thuc phim trd
thanh ciy san xuat duge lidu cb gia tri kinh t& cao. '

Trong s8 50 loai cay tréng mang gen la dang dudc thit nghiém thi cac ciy bong
vai khang siu, cAy dau tuong, ciy ngd khang sdu, khang thudc diét cd chiém téng
56 trén 90% dién tich. '

1.3.6. Tin sinh hoc

Céng nghé tin sinh hoc bao gdm cac phuong phap khai thac nhanh ngin hang
dii liéu, phén tich trinh tu va cdu tric ADN va protein. Tin sinh hoc dang cai tién
phuong phap xt Iy phan tich s& lidu, cai thién kha ning dy doan ving hoat dong,
vang ngung nghi cha bd gen, cai tién kha nang phdéng doan phan fing t& bao dbi
v6i tac nhin ngoai sinh, thiét 1ap nén cac cdu tric phén tii ¢6 hoat lyc cao va dinh
huéng phan hoé t& bao mét cach hidu qua. Trén thé giéi hién c6 ba ngan hang di
lidu gen lén nhat 14 GenBank (NCBI Entrez Nucleotide - Mg), EMBL (European
Molecular Biology Laboratory — Chau Au) va DDBJ (DNA Data Bank of Japan —
Nhat Ban) luu trit trén 9 ty dil lidu vé gen.

M6t 6 thanh tuu néi bat cia tin sinh hoce 1a: chuong trinh NMR da chiéu thiét
lap c&u tric khéng gian protein. Chuong trinh FASTA so sanh trinh ty gen va
protein ra doi trude 1990 cho phép so sanh tu d6ng, mién phi trinh ty mét doan
gen dii khodng 1000 bp véi trinh tu da cong b8 trong vai phit. Chucng trinh
BLAST, trung tam NCGR, chip ADN thiét lap trude nim 2000 va gén day 1a dé an .
IBM Blue Gene dudc bat ddu, hé chuong trinh tron géi EMBOSS duge ban, chip
ADN bd gen ngudi dugde dua ra thi trudng. DPén thai diém nay ¢b trén 60 cong ty
16n chuyén dich vy va kinh doanh trén linh vic sinh tin hoc dang hoat dong
DNAStar va GCG 14 hai trong nhiing cong ty thanh céng nhit trong linh vic cung
ang phan mém phén tich gen.

1.3.7. Cong nghé nano sinh hgc

Day la linh vuc da nganh, tap trung khai thac vat ligu, thiét bi ho#c phuong
phép ctia cac chit & pham vi kich thude téi han nim gida chiéu dai phan ti va
budc séng anh sang kha kién tit 0,1 dén 500 nm. Céng nghé nano sinh hec la:

- Phuong huéng méi cho phép thu nhan nhiing théng tin vé hé théng sinh hoc
& mtic chdm lugng t, tao d4u dd nano véi kich thudc phén ti ding trong chén
doan bénh.
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- Phuong phap in situ méi cung cip thong tin t6t hon vé chiic ning t& bao.

— Cong nghé thao tic cai bién 2 chiéu va 3 chiéu d6i véi mé va t& bao.

_ Van chuyén va phin phdi thudc hodc gen vio md va t& bao théng qua viée
khé&ng ché kich thudc hat, hoat hoa vi gidi phéng hoat chat thude théng qua ¢d ché
va thiét bi bom kich thuée nano, van t& bao va ¢d quan nhén tao.

Trong Y hoc, ngudi ta hy vong phiu thuit gen, phiu thuit t& bao, tri liéu t&
bao, tri liéu gen, t6ng hdp gen chén doan dai t& bao, cac hé théng co khi dién ti
nano y hoc — d6 1a céc "céng cu nano" théng minh, robot md kich thuée nano,... sé
dude dua vao thye tién trong vai chuc nam téi.

CAU HOI
1. Aila ngudixdc nhén vai trd di truyén cia ADN?
a) Frederick Griffith ~ b) Oswald Avery
¢) Hershey va Chase d) Erwin Chargaff

e) Watson va Crick :
2. Aila ngudi dua ra md hinh xoén kép ctia ADN?
a) Frederick Griffith b) Oswald Avery
¢) Hershey va Chase d) Erwin Chargaff
e) Watson va Crick '
3. Ban d3 gen ngudi khi hoan chinh cho th&y c6 bao nhidu gen ma hoa cho

protein?
a} 10 000 -- 15 000 b) 15 000 - 20 000
¢) 20 000 — 25 000 d) 25 000 ~ 30 000

e) 30 000 — 35 000

4. Sinh hoc phén ti 1a khoa hoce sinh hoc nghién ciiu vé
a) Hoa hoc ctia cac phan ti sinh.hoc. ‘
b) Anh huéng clia cac dot bién di truyén.
¢) Chiic ning clia protein. d) Chiic néing cua gen.
e) Quan hé gitia gen va san phdm ctia nb.

5. Noi dung chinh ctia hoc thuyét trung t4m ctia Sinh hoc phén ti: -

a) Théng tin khi d4 chuyén sang protein thi khéng thé 14y ra lai duge.
b) Théng tin duge luu trit trén ARN khéng thé chuyén sang ADN. .
¢) Théng tin chi luan chuyén gidia cac dang acid nucleic khac nhau.
d) Théng tin chi duge luu tri trén ADN.

e) Protein khéng mang thong tin di truyén.
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Bai2
SAO CHEP ADN

MUC TIEU

— Trinh bay dude qud trinh sao chép ADN. 7
— Tém tdt duoge cdch thite sao chép cta acid nucleic cta virus.
— Mb td dude qud trinh sta chita ADN.

2.1. KHAI NIEM

Mot t& bao vi khudn dién hinh c6 thé chita khoang 2000 loai protein, cac t& bao
nhén that chia khodng 50000. Théng tin v€ cic loai protein nay dugc ma hoa
trong cac phan td acid nucleic. O da s6 loai, vat litu di truyén chu yéu la ADN, ¢
mét sd virus 1a ARN,

Cac phan ti ADN c6 .th8 khac nhau vé thanh phin, trat tu’. sép xep cac
nucleotid, nhung déu ¢é cu tric co ban giéng nhau. Ciu tric xoin kép gbm hai
chudi dudng — phosphat ¢ mit ngoai cia phén tl, con cac base nitd J bén trong
dudge néi véi nhau bing céc lién két hydro (Hinh 2.1).

Mic du céc base A, T, G, va C ¢6 kich thude khac nhau nhung phén td ADN
vAn c6 thé tu diéu chinh dé c6 dudgc ciu trdc xodn kép d6i xiing qua tryc. Trinh ty
chia cac base nito tao nén théng tin di truyen Sy khac nhau trong trinh tu nay taoc
nén sy da dang ciia sinh vat. Do d6, néu xét nghiém d&u 4n hong cau thi cé thé
. biét dudc 70% bi mat di truyén, nghia 13 hang triéu ngudi méi cé hai ngudi giéng
nhau, nhung néu xét nghiém ADN thi biét dugc 99% bi mat di truyén, nghia 1a
_trén 70 t1 ngudi méi ¢6 hai ngudi gidhg nhau. '

Théng tin di truyén cia mbi sinh vat duge luu trix gidng nhau & mirc té bao. Khi cac té
bao phén chia théng tin di truyén dugc chuyén nguyén ven sang t€ bao méi nhd qua trinh
sao chép. Enzym xiic thc qua trinh sao chép cua ADN la cac ADN-polyrnerase phu thudc
ADN. Mbt sb enzym va protein khac ciing cé.vai tro nhat djnh trong tién trinh nay.
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Céc yéu tb vat Iy, hoa hoc.. . ¢6 thé tac dong 1én ADN, lam pha hury ADN hay gay dot
bién, sy hu hai niy c6 thé dirgc sira chita dé giir bd gen sinh vat duoc 6n dinh. Tuy nhién,
trong mét sb trnrdomg hop cac yéu tb nay gy ra cac bién dbi khong stra chira duge, din dén

'bién dbi bd gen (genome). T4t ca nhimg thay doi niy c6 thé di truyén duge qua con dudng

sao chép ADN.

2.2. SU SAO CHEP CUA ADN

Ngudi ta dua ra hai co ché co ban cla su sao chép ADN: mét c6 ché bio tén
(conservative mechanism) trong d6 phan tii ADN con gbém hai chudi hodn toin méi
hoic co ché& ban bio tén (semiconservative mechanism), trong d6 phan ti ADN con
gdm mot chudi me két hop véi mdt chudi méi duge téng hop. Co ché sau duge
chiing minh bing thi nghiém Meselson va Stahl (1958).

Hinh Z1-CHutricphamtixoimképcirajADN
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2.2.1. Thi nghiém cta Meselson va Stahl

N&u t& bao Escherichia coli duge cung cip mot ngudn nité duy nhat 14 amoni,
chiing c6 thé taoc nén t&t ca céc nucleotid thudc nhém purin va pyrimidin cin cho
su téng hop ADN. Néu nite dugc st dung la déng vi nitd ning (N'%) ADN dugc tao
ra s& nang hon ADN duide tdng hop bing cach dimg nito nhe (N'"). Hai loai ADN
nang (N5 hay nhe (N**) ¢6 thé duge tach ra bing siéu ly tdm trong thang ndng dd
cesium clorid. | '

Trong thi nghiém nay, vi khuin dudc cho phat trién vai th& hé trong méi
trudng N*® dé dam bao cho tit cd ADN cua vi khudn déu 1a loai ning. Bay gid méi
chuyén t& bao vao mbi trudng c6 chita N'*, nhu 1a ngudn cung cAp nitd duy nhat va
@& cho phan chia trong méi trudng N, khi kh&i lugng ADN téng lén gdp dbi, ADN
dugc chiét ra khoi t€ bao va duge ly tAm trén thang néng db cesium clorid. Néu cg
ch& bao t8n dude thuc hién, hai bang ADN phai dugc thiy rd sau khi ly tdm: mét
béing nguyén thuy (N'%) va mot bang chtta N'* (Hinh 2.2). Né&u theo cd ché ban bao

" ¢6n thi chi c6 mdt béng ¢6 t trong trung gian chita N*® xuét hién. Néu ADN dude

dun néng, réi 1Aam ngudi nhanh dé tach hai mach, ly tdm trén thang néng dd
cesium clorid s& thay hai bang tuong fing véi ADN N' va ADN N*™.

~ ADN ning N*
Thé hé O l : ADN nang N"*
MG truding . / \
Théhe 1 l N ADN g g ADN

1 Moiwme

VRSN BN
Thé hé 2 N' . g ' g ADN g ' %
A2 S W==2W [ =2\

i Mai truling

ot SEEEEEEE

Hinh 2.2. Thi nghiém Meselson va Stahl

- 2.2.2. Cac yéu tb can thiét cho su sao chép ADN

T4t cad moi sinh vt déu doi hdi nhiing y&u t8 sau ddy cho qua trinh sao chép:
khuﬁn miu (phan td ADN ban dau), 4 loai desoxyribonucleotid triphosphat
(ANTP), enzym ADN polymerase va in Mg®*, (d0ng y&u t8 ciia AND polymerase).
Tién trinh nay c6 thé dudc tém tit bing phuong trinh:

A(NMP)g#dNTR 5 d(NMP), . ; + PPi
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Trong d6, dNTP 1a nricf:t desoxyribonucleotid triphosphat va d(NMP), 1a mot
polymer ¢c6 n desoxyribonucleotid.
Viéc thém mdt desoxyribonucleotid méi vao chudi ADN duide trinh bay é Hinh 2.3:

0 . B ase o Base
O | 9 o 9
0—F=0 + Ho—P—0—F—0
: g - 0 o
0 o 0"
o—F—o—F—o Y _o g o
R Y . Base
[v] o VO
du,
0 B ase

Hinh 2.3. Su hinh thanh lién két phosphodiester glua desoxy — rlbonucleotld
va 3' — OH clia chudi ADN dang sao chép

Pyrophosphat tao ra sé dugc thuy phan thanh phosphat v6 cd, 1am phan ing
x4y ra theo chidu phai, kéo dii chubi ADN. Co ché tudng ty ciing xéiy ra trong viéc
hoat hoa acid amin, sinh téng hgp glycogen va hoat hoa acid béo dé tang hiéu sudt
cha san pham.

2.2.3. Cac ADN polymerase

Enzym _téng hgp mach ADN méi trong qua trinh sao chép la ADN polymerase, day 1a
nhdm enzym polymerase phu thuéec ADN, tirc str dung ADN lam khuén mau. Hoat tinh
polymerase thém cac nucleotid vao mach ADN theo hudng 5°-3” theo nguyen tic bd sung
v&i mach khuén. ADN polymerase khéong tu tdng hop mach de novo ma né cdn nhém 3°-
OH tu do trén mach can téng hop dé bat dau.

O E. coli, ngudi ta tim thiy 5 loai ADN polymerase gbm: I, I IIL, IV va V. Dac tinh
clia cic ADN polymerase khac nhau duge tom tit trong Bang 2.1.

Bdng 2.1. Pic diém clia ADN polymerase tif E. coli va retrovirus

E. coli

Polymerase Virus
1 ] i
Khéi lugng phan tr (Mr) 109 000 120 000 180 000 160 000
Cau tric, don vi nhd (Mr) | 1 1 o 140 000 o 65 000
£ 25 000 B 95 000
6 10 000 -
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E. coli

Pol}merase : _ . Virus
I | {1
Hoat tinh polymer hod 5" — 3’ + + + - T
Hoat tinh exonuclease .
573 ; + _ + :
3P : + + + -

Tat ca ADN polymerase cia t& bao nhan nguyén thuy déu c6 hoat tinh exonuclease, vi
ching thuy phin mach don ADN cua chudi tir ddu 3’ theo huéng 3° — 5’(hoat tinh
exonuclease 3° — 5”); hodc ching cé thé thay phén chubi ADN tir d4u 5° (hoat tinh

exonuclease 5 — 3°).

ADN polymerase I cia E. coli 1a mdt chudi polypeptld 16m c6 trong lugng phén ti
109.000. Trong mdi phan tir ¢6 chira mdt nguyén tir kém. Enzym polymerase chi co thé
xuc tac su polymer hoa theo huéng 5° — 3° do thém mét nucleotid tir deoxyribonucleotid-
5°_triphosphat vao nhom 3’-hydroxy ciia chudi ADN (Hinh 2.3). |

ADN polymerase I chiu trach nhiém stra chita céc ADN hu hong va cd vai tro phu
trong sao chép.

ADN polymerase Il cua £. colz rat glong ADN polymerase I nhung khong ¢6 hoat tinh
-exonuclease 5° — 3°. ADN polymerase II cén cho sy ti khei dong chac ba sao chép khi n6
bi khoa bai tén thwong trong ADN.

ADN polymerase I, con goi 1a rephcase 12 enzym sao chép chinh & t& bao nhin
nguyén thiy, nd 1a phén xuc tac cia ADN polymerase 111 holoenzym Piay 14 médt phirc hop
c6 phén tir hrong khoang 900 kDa chira 10 loai protein ducc tb chirc thanh 4 loai phirc hop
con nhu sau:

_ Hai ban sao ctia 16 xuc tac duge cu tao tir cdc tiéu don vi o (mang hoat tinh ADN
polymerase), € (mang hoat tinh stra 18i 3°-5° exonuclease) va 0 (c6 chirc ndng kich thlch
hoat tinh exonuclease). _

— Hai ban sao cua tiéu don vi nhi trung 1, ¢é chitc ning lién két hai 161 xtc tdc -
véi nhau. ‘

— Hai ban sao cua “phirc kep”, chiu tréch nhiém giilt cdc 161 xuc tac trén s¢i khudn.
M3i kep duge cdu tao boi 2 tifudon vip.

— Phitc y bao gdm 5 protein, goi 13 “phirc tai kep™ c6 vai trd dét kep 1én soi ADN.

ADN polymerase IV va V lién quan dén viéc cho phép qua trinh sao chep bo qua mdt
sb loai tén thuong trong ADN.

ADN polymerase cua thuc khuén thudng két hop véi cac protein khac cua né hay cua
té bao chi dé tao thanh dang hoat dong.

O nhéan that ¢6 5 loai polymerase duge bt g, B,y 8, va s (Bang 2.2).
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Céc enzym nay co co ché tac ddng tuong tir véi cAc enzym clia té bao nhan nguyén
thity. Polymerase £ va 8 cin cho su sao chép cia ADN nhén. Polymerase € cung co vai tro
trong sira chita ADN nhén. Polymerase « lién quan dén sy mdi (khdi dau) sao chép.
Polymerase B ciu tao tir mot chudi polypeptid don, dong vai trd sira chita. Polymerase vy
dugc tim thiy trong ty thé va chiu trach nhiém sao chép ADN ty thé. :

Badng 2.2. ADN polymerase cua nhéan théat

Polymerase « - B ¥ J . &
Mr (kDa) 350 39 200 250 350
Pon vi nhd 4 1 2 4 4
Vi tri Nhan Nhén Ty thé Nhan. Nhan
Chitc ndng | Khdi dau sao Slta chita Sao chep Sao chep Sao chép
~ chép AND ADNtythé | ADN phan: ADN nhan
nhan

2.2.4. Qua trinh sao chép ADN & E. coli
2.2.4.1. Chac ba sao chép

ADN ctia t€ bao nhan nguyén thuy ¢6 dang vong, xoén kép. Qua trinh sao chép
ADN thudng bit ddu tit mot bong béng sao chép, ddy 14 chd phinh khéi dau su
téng hop ADN. Céac nit sao chép chinh 1a cac chac ba sao chép (Hinh 2.4).

5* 37
(H%LICAS\ ! PRIMOSO
— . @ Phue hop
Protein céng ¢ ( dnaB-dnaC
Protein gin '\ PRIMA
mach ddn 3, ppp
(SSB protein)
ADN
pol¥therase
HOLOENZY .
dNM
L
. X
ADN

Polymerase I

LIGAS
s

S01 SGM . SO MUON

Hinh 2.4. Chac ba sao chép trong qua trinh sao chép ADN

ADN ty thé c6 dang vong va c6 hai chac ba sao chép. Sy téng hgp ADN cha
nhidm séc thé vi khudn ludn ludn bit ddu & ciing mét diem. Diém nay duge goi 1a
vi tri Origin hay vi tri Ori, la- mét ving, gdm, 254, cip base. Dung cic chiing vi
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khu&n dot bign, ngudi ta d3 ching minh duge rdng chi ¢6 mot s6 nho trong s6 cac
base nay 14 cin cho su khéi ddu sao chép. O E. coli, qua trinh sao chép bt dau khi
protein B nhéan biét duge diém khéi su sao chép nay (OriC). :

Cac sgi ADN dugc tich ra va mdt sgi ADN ¢ hudng 3' — 5' sé duge sao chép
truc ti€p bdi ADN polymerase III. Sdi con b8 sung viia tao ra dudge goi 1a sgi sGm '
(leading strand) Soi gc con lai ¢6 hutcing 5' — 3', khong dugc sao chép cho dén khi
mdt phin cla sgi goc dude thao x0én. Ban sao nay dudc goi 1a sgi mudn (lagging
strand). Soi mudn dudc téng hogp bang mdt qua trinh sao chép khong lién tuyc.
Su sinh t6ng hop sgi mudn va soi sém duge diéu hoa béi sy tao mit thit (loop) cua
s0i muén, nhd d6 s¢i mudn cling duge téng hop cung huéng véi sgi sém.

Viéc sao chép khéng lién tuc tao ra cic doan ADN ngan vao khoang 1000
~ 2000 nucleotid goi 14 doan Okazaki (Hinh 2.5). Cac doan nay sau d6 dudc ndi véi
nhau bdi ADN ligase dé tao ra s0i ADN lién tuc

- Poan mdi ARN' ludn luon cin
cho sy téng hodp ADN. ADN
polymerase déi hoi mét doan ARN
ngén ¢6 ddu 3' —~ OH tu do d€ bat
diu sy téng hop va gin duge
desoxyribonucleotid vio mach con,
b8 sung duge véi ADN khudn. )

Méi ARN duge téng hgp bdi
mét enzym dic bidt co tén goi la

- - ~ 2 - w s
primase. Chung c6 thé kéo dai sy
' Cdc doan
Okazakisaw khi
loai bd mdi
ARN

khéi dong chudi de novo. Primase

nhan ra trinh ty ddc hiéu trén
chudi ADN don. Tu ban than =7 & MO%% %
primase khong hoat ddng dude, né

5

) Hinh 2.5. Su hinh thanh cac doan Okazaki
phdi tao ph:’Ic hgp v6i vai chudl ¢4, i cham ADN do sy sao chép khéng lién tuc
polypeptid dé tao thanh primosome clia sdi géc

chiic nang. Cac trinh ty ARN dugc . |

tao ra bdi primosome la nhiing doan ngin khoang 5 —10 base dic hiéu.
Cac protein nhan dién dugc goi 13 N — protein, chon céac diém (origin) trén ADN,
tai d6 primase cd thé hoat dong. Cac doan méi ARN sé& bi ADN polymerase I loal
khdi chu01 ADN. Enzym nay déng thoi 1am nhiém vu 14p day cac khodng tréng
bing cac deoxyribonucleotid thich hdp do viéc loai méi. Cac doan ADN dugc néi lai
véi nhau bdi ADN ligase tao thanh sgi ADIN hién tue:
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2.2.4.2, Cdu tric theta (8)

Su sao chép ADN vong tao ra ciu tric theta, hinh thanh béi hai chac ba sao
chép xuét phat tit mdt vi tri Origin. Su téng hgp ADN dude tién hanh theo ca hai
chiéu thuén va ngude kim déng hé cling mét ldc. D& tao ra cac sgi don ADN, hai
sl ADN goc phai vin xoén (quay) Cit mdi 10 base dudc sao chép thi phan ti ADN
phai vin xoin 1 vong.

Chac ba sao chép cua E coli cin phai di chuyen vél toe db 800 base/glay, doi
héi ADN géc phai thao xodn véi téc do 80 vong/gidy. Su thao xoidn ADN géy ra
hién tugng sidu xodn (supercoiling). Viée thao x0dn soi kép dAn dén siéu xoén Am
(xoan ngugc chiéu va lam giam s§ vong), trong khi d6, sy x0dn thém sé din dén
sidu xodn duong (xodn kép ciing chiéy, s6 vong ting) (Hinh 2.6).

ADN di thdo xofin

Téng hdp
theo 2 hudng

e S¢i gdc thdo
xodn ting din

oo

Siéu xodn 4m Siéu xodn ducng

Hinh 2.6. Sy hinh thanh cau tric theta do sy sao chép hai huéng cua ADN kép

Co ché sao chép ban bao tén cia ADN doi héi cac diém cit & médt sgi hay 6 cd
hai sgi ADN dé tach chudi. M6t nhém enzym, goi 14 topoisomerase s& chuyén trang
thai topo cia ADN sang trang thai khac. Topoisomerase II con goi 13 gyrase tao ra
céc dang sidu xoén am (phai sang trai). Topoisomerase I gdn v4i ADN, cit mét sgi,
cho phép ADN xodn kép quay quanh mét diém 1am mat di sy xodn (Hinh 2.7 - A).

Phén Tyrosin clia topoisomerase gin véi gbc phosphat tu do trén ADN géc va
phitc hgp sé quay. Lic bay gio, enzym tach khdi phiic hgp va sgi ADN dude tao
thanh. Loai topoisomerase I tham gia vao qua trinh tao chac ba & vi khuén ciing
dugc tim thdy & t& bao dong vat.

Hai s¢i ADN 16ng vao nhau duge goi 1a vong Iong ghép (catena) hay ADN 1ong
ghép va thudng dudc tao ra khi sao chép ADN vong. Loai topoisomerase Il thudng
1am m4t di vong catena, cit mot sgi ADN kép va d€ phén tit ADN sgi kép con lai di
xuyén qua diém cit, sau @6 s¢i kép ban dau dude ndi lail(Hinh 2.7 — B).

48



Mt ddu cila ADN kép khong thé
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Hinh 2.7. Vai tro cda topoisomeii'ase
A — Topoisomerase | trong thao xoan ADN (trai).

B — Topoisomerase |} (Gyrase) trong viée tach hai phan A

4.SHPT(DSBH)

@@

Hai vong ADN xoin
kép 16ng vao nhau

ADN mpomomerase 11
tao lién k&t ddng

ho# i thudn nghich
vdi cd 2 sgi ADN,

cdt 1 mach kép vi
hinh thinh céng
protein

Céng topoisomerase

Céng wpoisomerase
md ra vi dé cho
ADN xodn kép thif 2
diqua

Hai vong
ADN xoin
kép duge
tichra

Vai tro thudn
nghich cia
topoisomerase I da
phyc hdi 2 phdn

tf ADN kép |
nguyén vgn

DN/ mach kép 16ng vao nhau {catena)
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2.2.4.3. Enzym helicase

Cac enzym helicase can thigt dé hd trg cho su théo xodn ADN gdc vi hai soi
don ADN khong thé tu nhién tach ra duge (Hinh 2.4).

Helicase can ATP nhu mét cofactor. Helicase dung nang lugng tu do khi thuy
phan ATP dé di doc theo sgi ADN, lam ting t8c dd tach hai soi ADN.

C6 hai loai helicase khac nhau: mét 14 Rep — protein gin véi ADN géc, truc tiép
téng hop soi sém va di chuyén theo huéng 3' —» 5. Helicase thit hai gan véi sgi khuén
kia d8 téng hop sdi cham, enzym nay tao phiic hop véi primase dé tao méi ARN.

2.2.4.4. Cac pr'oiein' khdc tham gia sao chép

Cac SSB — protein (protein gdn mach don) giii cho céc s¢i don ADN do helicase
tao ra khéng chap lai véi nhau. Nho sy hién dién ciua SSB - protein ma ADN ¢
dang thao xoén rdi nhau va én dinh, 1y tudng cho viéc sao chép. Né&u cac
" SSB - protein bi tach ra s& 1am xudt hién cac nit kep téc (hairpin loop) trong ADN
gbc va nhu viy $8 ngin chin sy sao chép.

Ba protein khac hé trg cho viéc gdn ADN polymerase va hiép dong tac dong
nhu ATPase, thuy phan ATP dé tao ning ludng tu do cho helicase hoat dong. Tac
dong hiép déng clia cac protein nay thé hién trong Hinh 2.4 va Hinh 2.9 va chiic
ning cta ching dude tém tit trong Bang 2.3. '

Bang 2.3. Chitc ning cla cac protein sao chép quan trong ctia E. coli

ADN polymerase || .
ADN topoisomerase |
ADN topoisomerase ||

ADN ligase

Protein Chit nang
Protein B- Nhan biét diém Ori
N — protein Cho phép primase hoat déng
Primase. Téng hgp méi ARN
Rep protein Thao xoén sdi sém
Helicase Théao xo#n sgi cham
SSB - protein On dinh sgi AND don

Téng hdp AND
C#t khia mot sgi don ADN
Cét khia ca hai sgi don ADN

Néi cac dau clia polynucleotid da hinh thanh

2.2.4.5. ADN ligase

ADN ligase gom cac enzym xtic tac hinh thanh lién két phosphodlester gita

cac polynucleotid dudc hinh thaah:
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ADN ligase lién quan téi viéc téng hop ADN khéng lién tuc bing cach nol cac
doan Okazaki sau khi thay thé cic doan méi ARN. Ching ciing cin thiét cho viéc
stia chita cac ADN hu hong. Co ché tac déng clia cac enzym nay khac véi cac ADN

' _polymerase 1a do lién két pyrophosphat ctia NAD * tham gia (Hinh 2.8).

L —
~

NADF
NMN l 3’ 5
ADN ligase ——lys _T_O_l — O--—Ribose __ Adenine AGC G
H 0 TCG. TC _
ADNfigase .. lys___ NHyp ' .5 _J_U_OH )_l' ,
' Q o 3
1.
b L]

l 3 l I | I I 5., ADN ligase
Adenine ___ Ribose w——O-Hll—O + ?(c:;g

o CFJL OJJ_3,

Hinh 2.8. Co ch& hoat déng cGia ADN ligase
(NMN = Nicotinamide mononuclectide)

2.2.5. Sao chép ADN & t€ bao nhan that
2.2.5.1. Co ché'sao chép

Co ch& téng hop ADN & t& bao nhan that ciing tuong ty nhu g t& bao nhén
nguyén thuy. Diém khac biét chi yéu la ADN 4& t&€ bao nhén that déng cudn trong
nhidu nhiém sic thé va dai hon, Tdc d6 di chuyen ADN polymerase & t&€ bao nhén
that cham hon rit phidu so v6i t€ baoc nhin nguyén thuy (khoang 50
nucleot1dfg1ay) Nhung t& bao nhén that chtta t6i 20 000 phan ti enzym. Do vay, &
nhidm sic thd t& bao nhan that hinh thanh mdt lugng 6n chac ba sao chép,
khoang 2000 hay nhifu hon. Cac doan Okazaki nho hon, dai khoang 40 - 300
base. Do d6, téc d6 sao chép ADN & t& baojnhan that nhanh hon rat nhi€u so vy
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" E. coli. Diém khéc biét co ban 13 ADN t& bao nhan théat ¢6 nhiéu replicon, vi du &
Saccharomyces cerevisiae ¢ tdi 500 replicon tiic 13 ¢6 500 diém Ori.

Co ché va su diéu hod sao chép & t& bao nhan that da dudc nghién citu
bang mdt mé hinh don g1an d6 1a nghién ciu su sao chép ADN virus trong té& bao
dong vat.

Hai loai virus, 12 Adenovirus va SV40 (virus linh trudng) dude dung lam cac
md hinh nay. C6 ch& sao chép ctia nhidm sic thé vong ctia SV40 ciing tuong tu véi
¢6 ch& sao chép tit mét vi tri khéi ddu (Ori) cia nhidm sic thé t& bao nhan that.

M6 hinh tao chac ba sao chép d t& bao nhan that dya trén cac nghién citu nay
duge trinh bay é Hinh 2.9.

ADN primase

Polymerase - &
3

5

N

PCNA

Helicase

Polymerase - 8

Hinh 2.9. M hinh sao chép & t& bao nhan that _
(PCNA = proliferating cell nuclear antigen = khéng nguyén tang sinh nhan t€ bao)

Cé hai loai polymerase tham gia vao qua trinh sao chép: Polymerase 8 tham
gia téng hop s¢i sém va polymerase a téng hop sgi mudn. S¢i muén duge thit nit
xung quanh polymerase 8, cho phép enzym di chuyén theo huéng chac ba sao chép,
giéng nhu sy sao chép § t& bao nhin nguyén thuy.

2.2.5.2. Chu ky té' bao

Su sao chép ADN dién ra nhu mét phén cia
tién trinh phdi hgp cia sy phén chia t&€ bao.

Chu ky t& bao nhan that gdm 4 pha riéng biét:
pha M, G,, S va G, (Hinh 2.10). G, G,

Pha G, 1a thoi ky truée khi ADN bit dau
téng hop, 46 dai ciaa G, thay d6i tit phut, gio,
tudn tham chi dén hang nim. T& bao khéng bao
gi6 phén chia 12 t& bao trong d6 G; bi ngung tré,
~ thudng dudc coi nhu 14 giai-doan Go: Hinh-2,10. Chu ky t& bao nhan that
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‘Trong pha S, ADN duge sao chép va lugng ADN tang gap d6i (Hinh 2.11).
'Cic histone méi cting dude t6ng hop trong pha nay, tao thanh 2 b nhiém séc thé.
Tuy nhién, cac nhidm sic ti vAn dinh chung cho dén khi phan chia.

Pha G, ngén hon pha G,, trong pha niy ngudi ta biét duge it nhiing diéu gi

x4y ra 8 t& bao. Pha G, két thic véi cac dau hiéu dau tién cia su phén bao.

Pha M hay pha phén bao din dén sy hoa tan mang nhén, sy tach nhiém sic
thé va su phéan chia t& bao.
A

Lugng ADN

G, s G M G, s

«—— Motchuky€bio —

Hinh 2.11. Luong ADN dugc tao ra trong chu ky té& bao
2.2.5.3. Su sao chép ciia ADN ty thé' va lap thé

Ty thé va c6 khi ca lap thé, chita ADN polymerase. Cu thé 13 & ty thé c6 ADN
polymerase 7. Su sao chép bit ddu tif viéc sao chép mét sgi cia ADN gde. Su sao
chép nay tién hanh chua duge ntta duong '
thi sy sao chép cia sgi kia bat dau. Két qua
tao nén cédu tric D. Két qua cua qua trinh
sao chép 1& hinh thanh s 16ng ghép cua 2
vong ADN va topoisomerase II ¢cdn cho viéc \
tach déi 2 vong kép ADN ty thé (Hinh 2.12).

2.2.6. Sy sao chép 0 virus va phage

Su sao chép vat hiéu di truyén cla virus
hay phage dugc thuc hién binh thuong
trong trudng hop bd gen 1a ADN dang vong
d6i. Tuy nhién, néu bd gen virus 1a ADN | , -
dang thing hay ADN sgi don hay ARN thi ___Hinh 2.12. Sy hinh thanh c&u triic D
cln c6 cd ché sao chép dic hiét. : trong qua trinh sao chép ADN ty thé
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2.2.6.1. Sao chép theo kiéu dang thang

Né&u c6 dang théng, bd gen virus sé trd nén ngén hon sau méi 1an dugc sao
chép, trit khi virus cé cd ché dic biét dé khic phuc diéu nay. Do ADN polymerase
cin c¢6 mdi ARN va chi hoat dong tong hop ADN theo chiéu 5' — 3' nén né khong
thé t8ng hop chinh xac cac ADN thing (Hinh 2.13).

5
e — ]

3 l

W
-

Lh

A

J

Hinh 2.13. Sac chép ADN theo kigu dang thang

Dé tranh hién tuong nay, cac phage st dung mdt trong hai cach sau: phage A

vong hoa bg gen clia né nhd cac trinh tu cos, con phage T7 thanh lap cac phiic ndi.
. Sao chép cia phage T7: ' _ .

Phage T7 ¢6 bd gen 1a dsADN thing, dai 39 937 bp. Su sao chép bit ddu tai
mét diém cach dau tan 5 khoang 5900 bp va difn ra theo ca hai huéng. Viéc sao
chép nay gip tré ngai caa su sao chép ADN thfzmg noi trén. D& tranh tré ngai nay,
bd gen clia né c6 160 bp diu tién & bén trai gidng hét 160 bp cufi cling & bén phai,
goi 12 cic phén thiia 6 ddu. Sau vong sao chép dau tién hai phan ti con thu dtidc
c6 mot dau dinh véi trinh t ctia phén thia (Hmh 2.14).

5’ : . 3’

Hinh 2.14; Budc sao chép dau tién o phage T7
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Phan ssADN & phia phai (3') clia mét phan tii con c6 thé gin b8 sung véi phan
phia trai (ciing 12 3") ctia phéan ti khac. Khoang tréng dudc 1ap nucleotid bdi ADN
polymerase va dude néi lai bdi ADN ligase. Phéan ti nhi trung thu dudc c6 thé dugce
cét ra trd lai, nhung khi d6 s& tao ra ddu dinh 5 thay vi 3, ddu dinh 5’ ¢6 thé diung
1am khuén mAu dé hoan chinh ADN s¢i d6i (Hinh 2.15).

T7 ¢6 gen ma hoa cho ADN ligase (gen 1.3), SSB (gen 2.5) va ADN polymerase
(gen B) ctia riéng nod.

5’ ¥ 3’

Hinh 2.15. Phitc ndi dudc cit ra va tai tao bd gen cua phage T7

2.2.6.2. Sao chép theo kiéu lin vong ,

Su sao chép theo kiéu theta khéng phai 1a cach duy nhét d8 sao chép cac phan
tit ADN vong. Mot co ché khéc sao chép ADN theo kiéu lin vong méc dit san phim
tao ra khong phai la ADN vong ma 1a ADN dang théng.
~ Phan 1:1'3’.. ADN vong duge cit-khia-¢-mét-hay-hailiénkét phosphodiester, tao ra
diu 3' OH tu do, ddu nay ¢6 thé ding nhu’ khitohl min dé€ sao chép bdi ADN
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polymerase. Khi ddu 3' OH dugc kéo dai, ddu 5' bi ddy ra khéi vong dudi dang soi
don, trong khi vong ADN lan dé tigp tuc kéo dai dau 3. Kiéu téng hdp trén vong
tuong ty nhu téng hop soi s6m. Trong hic d6 dau 5 bi ddy ra c6 thé dung lam
khuén mau dé téng hop soi déi theo kiéu tudng tu sgi mudn néu cb sy hién dién
ctia doan mdi thich hgp (Hinh 2.16).

5

Hinh 2.16. Sao chép theo kiéu lin véng

N&u kiéu téng hop nay tigp tuc, sy téng hop trén sgi 5 bi ddy ra sé tao thanh
mdt sgi ADN phiic chita nhiéu ban sao lién ti€p ctia phén ti ADN vong. Nghia 13,
nhiéu ban sao ctia bd gen duge tao ra.

Kiéu nay gip & phage lambda va tao ra nhidu ban sao néi ti€p, trong khi ¢
phage M13 chi tao mdt ban sao.

Sao chép cua phage M13:

Phage M13 (va cac phage dang sgi khac) cé b gen 12 mot phan t ADN sgi don
vong. Khi nhidm t& bao E. coli, phan ti nay dude bom vio va dude bao bdi cac SSB
protein. Vi phage M13 khéng c6 gen ma hoa cho ADN polymerase riéng nén phai
]é thudc hoan toan vio bd may cla t& bao chi dé sao chép. Mic du bg gen 1a ADN
soi don cfia no rit thich hgp dé lam khuén mau téng hop ADN, nhung lai khéng
thich hgp véi viéc tong hdp ARN bdi ARN polymerase hay primase.

Tuy nhién, mét phén ctia bd gen cé dang kep téc sgi d6i. Ving nay ¢6 thé déng
vai trd promoter cho ARN polymerase cia t€ bao chu dé phién ma mét doan moi
ARN ngén. Su phién mi cling lam mat cdu truc kep téc. ADN Polymerase I1I bay
i ¢6 thé tham gia va téng hop phan th ADN sl d01 goi la thé sao chép I (RFI —
replicative form I). -

Viée sao chép ti€p cua RFI khﬁﬂg thyc hién theo kiéu theta ma 1a lan vong, .

" gp2 endonuclease, dugc ma hoa béi gene 2 cta phage, cit khia ADN ctia RFI tai vi

tri dic hiéu (diém gdc trén sgi duong) va su sao chép lin vong d1en ra nhung
khéng tao phén ti phic ma. gp2 endonuclease cit phan ti mdt 14n nita dé hoan tat
ban sao. San pham thu duge gdm mét phén tit ADN vong don (sgi bi thé ra dude

- n6i lai thanh vong) va mdt phan tii ADN sdi d6i 12 RFI. Phan tit ssADN vong lic

nay c6 thé duge sao chép bing cachJapdai il dav-auy trinh trén,
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D& c6 dude ssADN nhu ban déu dé déng géi vao capsid, cac phan tit ssADN bi
thé ra cin duge bao béi cac SSB.

Sao chép 6 phage Lambda:

Phage lambda c6 bd gen 14 ADN soi dbi thing. Tuy nhién, & mdi tdn cing cia bd
gen 1a mét doan soi don dai 12 nucleotid va dwoc goi 14 vi tri cos, hai doan don & vi tri
cos ¢ thé gin bd sung v6i nhau dé bién bd gen thing thanh dang vong dbi.

Sau khi phage nhiém t& bao E. coli va tiém ADN vao, nhidm sic thé cha né
yong hoa nhd cac vi tri cos. Nho d6 nd tranh bi céit bdi cac exonuclease cua vi
khudn v ¢6 thé duge sao chép theo chu trinh tiéu giai tiém 4n. Qua trinh sao chép
ctia phage lambda gom hai giai doan.

Giai doan sém:

Phage lambda khdoi diu sao chép theo md hinh theta. Diém gbc sao chép (ori) nim
& gen O, c6 san phim tuong tw DnaA (yéu tb khaoi diu sao chép). Phan tir nay gén trinh
tir lap & didm gbc va khoi dhu viée tach hai soi ADN tai chd. Mét gen khac, gen P, c6
san phdm véi chirc nang twong ty DnaC (yéu t6 nap helicase). San phdm nay giup
DnaB (helicase) géin vao ADN da tach mach. Sau do, cac thanh phan khéc cia bd may
sa0 chép cda vi khuén gén vao va bét du viée sao chép. Kiéu sao chép nay kéo dai
khoang S - 15 phut. '

Giai doan mudn: .

Sau 15 phiit, phage lambda chuyén sang kiéu sao chép lan vong. Hién chua
biét nguyén nhan va cd ché ciia sy chuyén d6i nay. :

Hau qua cta cd ch& lin véng la ADN cta phage dudc sao chép thanh mot ADN
kép dai chiia nhifu ban sao lién ti€p ctia bo gen phage, cach nhau bang céc trinh
tu cos. Phage c6 gen ma hoa cho mot enzym 1a Terminase, enzym nay nhéan dién vi
tri cos (& dang soi kép) va cat tai dé 48 bidn phan t& ADN dai thanh cic ban sac
don ctia b gen phage vdi cac vi tri cos 6 hai dau.

In vivo, qua trinh x@ 1y ban sao 16n thanh b gen don ¢b sy tham gia cua cic
protein capsid. Cac protein nay nhan dién vi tri cos tht nhit va néu khoang cich
dén vi tri cos thit hai phai nm trong giéi han 75 — 105% so v6i chiéu dai nguyén
thuy ctia b gen phage thi capsid sé déng gé1 ADN tao thanh phage hoan chinh.

2.3. SUA SAI TRONG SAO _CHEP VA KHI KHONG SAO CHEP

ADN dudgc sao chép béi ADN polymerase véi d§ chinh xéc cao (cu khoang
108 — 10'2 bage thi c6 mot base sai dudc gAn vio méi 1an sao chép). Su sao chép
chinh xéc ctia phan td ADN c6é tdm quan trong sbng cén d6i véi hoat déng binh
thudng cua t& bao.
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2.3.1. Stia sai trong sao chép

Ngudi ta da dang cac nucleotid va ADN polymerase dé tdng hop ADN in vitro.
Sai g6t trong trudng hdp nay 14 10 ° tdc 1a trong 100 000 nucleotid c6 médt sai s6t.
6 E. coli ¢6 3.10° ciip base, viy mdi 14n sao chép theo tinh todan nhu trong thuc
nghidm phai-cé t6i 30 sai s6t. Tuy nhién, trén thuc t& sai s6t trong tu nhién thip
hon nhiéu. _

‘Bang cach danh gia tin s6 cac dot bién méi xuit hién trong quan thé 16n va
theo doi bién d6i enzym nao d6 trong nubdi cdy mé t€ bao, ngudi ta tinh dudge sai s6t
trong cd thé sinh vat khi sao chép in vive 1a 107 tic 12 mét sai s6t trén mot ti
base. Nhu vay t& bao ¢6 3.10° cip base mdi 1an sao chép chi cb 3 sai sét. -

Mic chinh x4c cao clia sao chép trong cd thé sinh vat c6 dude nhd cac cd ché
sua sai: :

Huéng sao chép bao gid cling tit ddu 5’ —3'dé vibe sia sai chinh xac.

§ t& bao nhan nguyén thuy ADN polymerase I va III vita polymer hoa, vita ¢6
hoat tinh exonuclease 5 — 3’ va 3’ — 5. Néu trén dudng di chuyén dé polymer hoa
gap base sai, ADN — polymerase sé li lai ¢it bé theo hu:dng 3 -» 5 (hoat tlnh

exonuclease 3° — 57).

O t& bao nhan that, hoat tinh exonuclease chi ¢6 duge & polymerase 8 va E.
Khéng tim thiy hoat tinh exonuclease § polymerase a, ¢6 thé do mét tiéu don vi
ctia n6 bi mat di trong qua trinh chiét tich enzym nay.

ADN ty thé d& bi @6t bién, nhung polymerase ¥ caa né lai khong c6 hoat tinh
exonuclease.

2.3.2, Sira sai khi khéng sao chép

Phan tii ADN c6 thé bi bién d6i ngay ca khi khéng sao chép. Cac bién ddi dot
bién nay xay ra véi tdn s6 kha cao. Nhd co che stia sai nén tan s6 dot bién dugc duy
tr1 ¢ mue thép. S '

Cac enzym nhan biét gin vao céac trinh tu sai va cét réi doan sai, réi dung
mach don ding lam khudén miu dé téng hgp lai chd bi sai cho ding.

Hang loat enzym dic h1(_eu lam nhiém vu dé tim va sfia sai. Cé6 khoang 20
enzym ra soat doc ADN dé do tim cac base bi bién d6i hoa hoc, m&i enzym cé mot
chic néng chuyén biét cho mét loai sai héng. Khoang 5 enzym khéc dic hiéu cho
cac lién két cdng hoa tri sai giita base vdi cac chét hoa hoc khac hoic giita cac base
ké nhau trén mét mach. Mot s8 enzym khac phat hién sy bit cap sai, nhu trudng
hgp mit purin. Téng cong c6é khoang 50 enzym chuyén biét phat hién va stia cac
sal hong trén ADN.
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Tém tdt:

" Su sao chép chinh xéc chia ADN nhiém séc thé la mot sy khéi déu cén thiét
cho su sinh san. Su sao chép theo co ché ban bao tén va mdi phén ti ADN méi bao
gém mét mach ADN g&c va mot mach méi duge téng hgp. Su téng hgp ADN duge
thuc hién bdi cac ADN polymerase chuyén biét, ching dung ADN c6 sén lam
khudn miu. Chi cé loai ADN polymerase III 14 cin thiét cho sd sao chép ADN cua

t& bao nhén nguyén thuy. Tuy nhién, & cac t& bao nhan that c6 mét s6 polymerase
tham gia vao qué. trinh sao chép. Mét s& protein khéc cling tham gia vao qua trinh

téng hop ADN § ca t& bao nhan that 14n t&€ bao nhan nguyén thuy.

Cac phéan ti ADN c6 thé bi hu hai bdi cac tic nhan khéc nhau va sy hu hai
nay c6 thé duge stta chita dé han ché& cac d6t bién c6 hai. Qua trinh sia chiia duge
diéu khién bdi cac hé théng cé su tham gia cta enzym.

CAU HOI

1.

ADN sao chép theo co ché ban bao toan vi tit mét gen ban dau taora
a) 2 gen con chiia cac nucleotid cii va mdi xen k8.

b) 2 mach don ADN chita cAc nucleotid cit v& méi xen ké.

¢) 1 gen con hoan toan méi, 1 gen con hoan toan ci. |

d) 2 gen con, m&i gen chita mot mach méi, mét mach cil.

e) 1 gen ban ddu déng thdi tdn tai véi 2 gen con vita méi viia cfi.
Chon t8 hop sai

a) ADN polymerase o — Nhan — Khéi ddu sao chép.

b) ADN polymerase § — Nhan — Sao chép s¢i sdm.

¢) ADN polymerase y — ’I‘y'th_fs —Sao chép ADN.

d) ADN polymerase & — Nhan — Sao chép sl som.

e) ADN polymerase € — Nhén — Sao chép ADN:

ADN polymerase déng vai trd stia chifa ca t&€ bao nhén that .

al b) I
o) a 4B
eybvad
4. Diém khdi d4u sao chep la
a) N1t sao chép ' b) Chac ba sao chép
¢) Vi tri Origin d) Vi tri Okazaki

e) Bong béng sao chégp

59



5.. Y nao ding véi doan Okazaki & t& bio nhan nguyén thuy?
a) Gom khoang 1000 — 2000 nucleotid
b) Dudc néi lai bing ADN ligase
¢) N&i v6i nhau tao thanh sgi s6m
d) Con goilaloop

- e)avab
6. Vi tri Origin :
a) Diém khdi ddu su sao chép b) Puge nhén dién boi protem B
c) Gém 254 cip base d)avab

e)a,bvac
7. Primase la enzym
a) Ty ban than khéng hoat déng dugc
b) Gém nhiéu N - protein
¢) Con goi la primosome
d) Lap ddy ciac GAP bing ANTP
e)avac
8. Primase bét dAu hoat déng khi
a) N — protein dudc nhin dién
b) N - protein nhan dién duge Ori
¢) Protein — B nhén dién duge Ori
d) Tao phic hgp v6i ciac-chubi polypeptid
e) Tao phiic hgp véi N - protein
9. Bén sao ADN vong dugc tdng hop, tach ra khéi ban géc nhd
- a) Topoisomerase I " b) Topoisomerase II
c) Viéc théo xoén Am d) Phan Tyrosin ctia Top01somerase
e) Gdc phosphat tu do ciia Topmsomerase ‘
10. Phage lambda sao chép bd gen ctia né theo kiéu
a) Theta ' 'b) Theta va lin véng
¢) Sao chép ADN théng d) Sao chép ADN vong
e) Sao chép nguge




Bai 3
CAC LOAI ARN

MUC TIEU

— M té duge cdu tric cua titng logi ARN.

— Gidi thich duoc chite ndng va vai tro ctia cdc logi ARN.

_ Trinh bay duwge cdc cdch thitc biéh ddi cdc bdn sao nguyén thuy ARN va
cdce chifc ndng ctia sy bién déi nay.

3.1. KHAI NIEM

ADN mang théng tin di truyén cta t& bio nhung bén than né khéng truc
ti€p chi huy qua trinh tdng hop protein, vi ADN nhidm séc thé chi mang mét -
bén sao duy nhét cho méi gen, trong khi t& bao c¢6 hang nghin phan ti proteln
cung loai ton tai. Mat khac, khéng phéi t&t ca cac gen déu dudc biéu hién thanh
protein cling ldc ma cac gen khac nhau sé biéu hién khéac nhau tai mbi thoi
diém trong vong ddi cua t€ bao va tuy theo diéu kién méi trudng. Do vay, cAn co
co ché& trung gian dé khuéch dai théng tin di truyén ti ADN dén protein, dong
thoi klem soat su bidu hién clia gen theo nhu ciu cha t& bao. ARN déng vai tré
trung gian quan trong nay. Tu mbi gen cé thé c6 nhiéu ban sao ARN dé chi huy
qua trinh téng hop protein, déng thoi vong doi cia ARN ngén nén sy biéu hién
cua gen qua trung gian ARN dé dang dugc kiém soat bdi nhu ciu caa t& bao va.
diéu kién mbi truong.

Ngoai vai tré trung gian trong qua trinh biéu hién gen, nhiéu ARN con c6 vai

tro cu tric hay xic tac.

O t& bao nhan thf_it, ARN dudc téng hop ngay trong nhan (chia ADN), sau d6
& vao t& bao chat dé tham gia téng hop prodéin.\Nhiidg t& bao giau ARN téng hop
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protein nhidu hon. Vi du: cic t& bao tong hgp nhiéu protein nhu & gan, 14 lach,
tuyén to clia tim chita ARN nhiéu hon so véi t& bao it tdng hdp protein nhut & théan,

. o
tim, phoi.
Coptaascmtan I s s
L
| .
MEN.—-L!D W&N_fé’*o
LA &
-
o ;
,ﬂwﬂfﬂ e g™
M(,,L B o
R i R
= (=3
Acrgnere ] ] Acomne
ey
< T
— -
- l"‘LN/‘L‘H i N/é‘-“
=%
G "t
: -
) ADN
Base nito Ribonucleic acid Deoxyribonucieic acid Base nito

Hinh 3.1. So sanh cau triic ARN va ADN

V& cu tric, ARN gidng ADN: mach polyribonucleotid thing cia ARN ciing chira
4 loai ribonucleotid: Adenin (A), Guanin (G), Cytosin (C) va Uracil (U) thay cho Thymin
(T) (Hinh 3.1). Tat cd ARN déu dugc phién mai tir cac-gen twong (mg trén ADN.

ARN dugc chia thanh 2 nhom chlnh ARN ma héa va ARN khong mé hoa (Hinh 3. 2)
Cac loai ARN cu thé gdm cac loai:

— mARN - ARN thong tin.

—rARN - ARN ribosom

— tARN — ARN van chuyén.

—pre —rARN (tlen rARN) 1a ARN dufdc téng hap tt ADN, sau kh1 chung dugc
cét ndi sé trd thanh rARN.

—pre — tARN (tién tARN) la ARN téng hop tit ADN, sau khi duge cit néi sé
tré thanh tARN. '

— hnARN - ARN nhin khéng dong nhit, sé& tao mARN sau khi dudc cit néi.
— snARN — ARN nhén nhd. _ '
— scARN — ARN 1& bao chit nhé.

ARN c¢6 thé & dang tu do hodc gin vdi protein thanh cac phic hgp
nucleoprotein giii nhiu vai tro-quan trong trong hoat dong sdng cha t& bao.
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C6 t6i 7 loai ARN nhd khac nhau, trong d6 c6 mét s8 snARN c6 lién quan dén
viée xti Iy hnARN thanh mARN chiic ning. Gan diy ngudi ta mdi tim thiy mot vai
loai ARN ¢6 ¢4 & t& bao nhan nguyén thuy va t& bao nhén that 1a thanh phén cha

enzym c¢6 chiic ning xiic tae tryc tiép.

AR toinphén

- ARN i hoa ARN Khong mah

R T caté bao
§ T bio nhan th3
Té béo nhan nguyen thy

'-
Hinh 3.2. Cac loai ARN

3.2. CAC ARN VA VAI TRO CUA CHUNG

3.2.1. ARN ribosom

Céu tao ribosom phic tap, gdm chc phan tir rARN va khodng 50 protein. rARN chiém
phén nira khéi luong ctia ribosom. _

~ Trong di'c_h mudi céy Escherichia coli dang & giai doan phéan éhia hhanh, ribosom

chiém t6i 1/3 khéi luong té bao va rARN chiém dén 75% cua tng s ARN. |
MJbi mot ribosom c¢6 Mr = 2.5-4.5 x 10°. Cé 3 loai ribosom khac nhau, thudng dugc phén
biét dya vao hé sb lang S (Svedberg) cia chiing khi siéu ly tAm. Ribosom ciia Eubacteria
va luc lap ¢6 hé s6 lang khoang 70S. Ribosom ctia t bao nhén that 1a 80S, ca ty thé déng
vat ¢é vit khoang 508. | )

Tét ca ribosom déu duoc chu tao bai 2 tidu don vi (subunit) cO chirc néng va cAu tric
riéng biét, cac tiéu don vi nay.cé.thé tach.ra-va ghn lai-véinhau mét cach thudn nghich tiy
theo ndng d6 ciia Mg”* (Hinh 3.3, Bang 3.1).
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Bang 3.1. Thanh phan céu tao ribosom ciia vi khudn va té bao nhan that

Té bao Kich thwéc ribosom Tiéu don vi rARN Protein
Vikhuan | 708 Lén (508) 238 (2.900 nucleotid) 31
55 (120 nucleotid)
Nho (30S) 165 (1,500 nucleotid) 21
Nhan that 80S Lén (60S) 28S (4.700 nucleotid) 49

5,85 (160 nucleotid)
5S (120 nucleotid)
Nha (40S) 18S (1.900 nucleotid) 33

3.2.1.1, Ribosom E. coli

Ribosom & E. coli dwoc nghién ctru kha diy di, cac chudi polynucleotid cia 3 logi
rARN cling v&i cu triic bic 1 ciaa 55 protein cia ching di dugc kham pha.

Céc protein ribosom (r-protein) cia don vi nho 308 duoc dit tén tir S1-Sy;. Céc protein
ctia don vi 16m 50 S dugc dat tén tir Ly-Lay. HAiu hét cac r-protein co khéi luong twong dbi
nhé (trung binh Mr 17.000) va chira nhiéu acid amin base.

Hau hét r-protein ctia ribosom E.coli ¢ céc trinh tw bdc 1 khéc nhau, ngoai trir Ly, L2
va Lg. L7 13 mdt dang aminoacetyl héa L, (sur acetyl hoa cén thiét cho hoat tinh GTPase
trong qué trinh dich m&). Lg 14 phirc hop ctia mét phan tix Lio lién két véi Ly va Liz. Di khi
trong qu4 trinh tinh ché, phurc hop nay khéng tach dugc.

3.2.1.2. Su ldp rdp ribosom

Céc thong tin cho viée ty lip rap cua ribosom duoc chira dung trong cac phén tir thanh
phin rARN va r-protein. Cac tidu don vi ribosom c6 thé tai hop in vitro da duge sir dung
rong rai cho vigc nghién ciru qua tringl l4p rap cha ribosom. Cac tiéu don vi duqc treo trong
mdt dung dich ¢6 ndng d6 mudi cao (vi du LiCl 4 M va urea 8 M) ngin can cac tuong tac
khong hoa tri gifra protein va ARN do d6 chiing tach ra khoi nhau. Dung dich sau d6 duoc
thim phan d2 loai bé mudi-va urea, sau d6 0 v6i nhau. Duéi nhitg diéu kién thich hop, céc
tiéu don vi dugc t6 hop lai theo chirc néing cia ching va khong thé phén biét dugc véi su
td hop céc tiéu don vi ty nhién.

Khi diing sy t8 hop khac nhau giita cAc thanh phén riéng 1é cia ribosom,
nguoi ta cd thé xac dinh dudc cac trinh ty lién két trong qua trinh lap rép.

Vi du, 6 r — protein ca 308 cla E. coli c6 vi tri két né1 déc 14p va chuyén biét
véi rARN 168. |
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Ribosom 70S cba t& bao

nguyén thuy (Procaryote) Tidu don vi Tidu don vi 308

508
- _Mg2+
= . Cj
+M g2+ -
= 34 protein é,\g =21 protein é§

’ 23S rARN 165 rARN
(® 3000 base) (= 1500 base)
=
58 rARN
. o, oy (= 120 base)
Ribosom 80S ciia 1€ bao
nhan thit (Fucaryote)
ciia eucaryote Ti€u don vi Ti€u don vi 408
603
-Mg2+

A )

= 45 protein = 33 protein %

28S rARN 185 rARN
(® 5000 base) . (= 2000 base)
5,8SrARN
(160 base)

+ -

e v ey

+

=

58 rARN
(120 base)

Hinh 3.3. Thanh phéan cla ribosom 70S (t&€ bao nhan nguyén thuy)
va 80S (t&€ bao nhan that)
3.2.1.3. Cdu tric cia rARN '

Nho tién bd ctia cong nghé di truyén, ngudi ta c6 thé tao dong va xac dinh
trinh tu ciia cac rARN tif sinh vat khac nhau, tit ty thé va lap thé. Mic du ching
rit khac nhau vé kich thude (Bang 3.1)-nhung déu-cé-thé xac lap duge ban dd cau

tric bac 2.

5.5HPT({DSDH)



Bdng 3.2. Kich thudc theo nucleotid ctia cac rARN khac nhau

Nguén géc ribosom rARN cdia tiéu don vi lén rARN clia tiéu don vi nhé
T& bao chét chudt 4950 1859
T& bao chat nAm men
. 3392 1787
{Saccharomyces cerevisae)
Escherichia coli 2904 1541
Lap thé thudc la . 2950 1846
Ty thé linh truéng ' 1559 : 854

Cau tric bac 2 chinh xéc cia rARN c6 tdm quan trong trong viéc 1ip rap
ribosom va chiing duge luu trii tdt trong qua trinh ti&n hoa. T4t cé céc protein cua
E. coli dude gin k&t vao rARN ciing ¢6 cdu hinh bac hai nhu vay va néu rARN bi
bién tinh thi protein |

Mét dic tinh trong cdu tric bac 1 cua rARN la sy methyl hoa nucleotid. Su
methyl hoa nay x4y ra sau khi phién mé va dudc thuc hién béi ARN — methylase
trong d6 c¢6 si dung S - Adenosyl Methionin (SAM) nhu 1 co chét cung cép
methyl. rARN cua t&€ bao nhin nguyén thuy va cta cac bao quan thudng methyl
hoa & base khéi diu (5 — methyleytosin), con rARN ctia t& bio chét t& bao nhan
that thudng methyl hoa & vi tri 2’ cia dudng ribose (2’ — 0 - methyladenosyl).
.Cac vi tri cia phidn methyl hoa trong chudi rARN dugc luu trii tét trong céc loai
khac nhau. Ngudi ta cho ring su methyl hoa nay déng vai tro bién d8i ban sao so
cap cua rARN. |

3.2.1.4. Su bién déi clia rARN

Hau nhu & tit cd cac co quan, nhitng rARN 1én ctia 2 tiéu don vi ribosom
déu dude tao thanh t& su bién d8i va xui 1y clia cac ARN 16n hon, d6 1a céac
pre — rARN. Su stia d6i xay ra trong nhén t&€ bao, dam bao cho 2 ARN l1én
duge bién ddi thanh cdc ARN trudng thanh cé khéi lugng tuong ting véi ting
tiéu don vi. ' .

Cach bién d6i chia rARN & t& bao HeLa (ngudi) duge mirih hoa & Hinh 3.4.

Pre —rARN 455 (gdm khoang 12000 nucleotid) 14 ban sao cua céc gen
ARN - ribosom. Céc pre — ARN ¢6 vai trim ban sao va tap hop lai tao thanh phan
ddu trong mot viing nhiém. sic thé va dude xem nhu vimng thiét lap nhan. rARN
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458 duge bién déi do dua vao khoang 110 nhém methyl & céc nucleotid dac higu.
Hiu hét nhitng phin dudc methyl hoa déu duge bao ton & rARN trutcing thanh.

Hang loat dién bién trong va ngoai nhén da tao ra dudce cac tién thé trung gian
328 va 208 ti pre — rARN 458. Sau d6, pre rARN 325 cit noi thanh 288 va 5,885,
cOn 20S thanh 18S. ‘

Qua trinh stia d6i cha pre — ARN khac nhau vé chi ti€t gitia t&€ bao nhén that

v t& bao nhan nguyén thuy. O t& bao nhan nguyén thuy, chudi rARN 58 1 thanh
phén clia don vi phién mi cta cd rARN 168 va rARN 23S. Hon niia, gen rARN & t&
bao nhain nguyén thuy lai ¢6 chiia 2 chubi tARN hay nhiéu hon. Nhiing su phén
cit ddu tién cha pre — rARN duge xic tac bdi ARNse III dic hidu cho ARN mach
kép (Hinh 3.5).

Tidu daon vi 608

288‘@5-8S

38

Céc r- protein

Tidu don vi 408

-

188
438 pre- rARN

Hinh 3.4. Qua trinh sinh téng hdp cac tidu don vi ribosom & cac té bao Hel.a

BCIEE:

tARN trung gian 58 tARN dubdi

Hinh 3.5. Qua trinh xr Iy plre —rARN O E. coli dai khoang 5000 nucleotid.
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3.2.2. Cac ARN van chuyén
3.2.2.1. Céu triic '

Niam 1950, F. Crick néu ra gid thiét v& chat néi. Ong cho ring truéc khi gin
thanh polypeptid, cac amino acid phai gdn qua chit néi trung gian, chit nay sé
bt cap dic hidu véi c'éc base trén mARN. Vao nim 1957, M. Hoagland va céc cdng
st d4 tim ra tARN va chiing minh dudc riing méi phén tit tARN gin véi mét phan
td amino acid va mang ching &é&n ribosom. -

‘Biém dic biét & tARN 13 chira cac base bi bién db6i nhu: I = Inosin, T =
Ribothymidin, ¥ = Pseudouridin, m'G = Methylguanosin, m?,G = Dimethylguanosin,
m'I = Methylinosin, D = Dihydrouridin (Hinh 3.6). Céc base bién dbi duoc tao thanh
tlr 4 base co ban bj thay dbi cong thirc héa hoc sau qua trinh phién mi, nhiing thay
d6i nay do cac enzym tARN-modifying xuc téc. O tARN, s base bién dbi chiém
khoang 10%.

H,C
N 3 N
~N >\ N ~>\ .
l% N N H,N /g N N ‘
Ribose Ribose
I-Methylinosine 1-Methylguanosine
e
N
HN \
/g N > N =
~N N \
C‘H Ribose I\
N

N%,MN2-Dimethylguanosine ) N& N°-Dimethyladenine -

Hinh 3.6. Céc ribonucleotid bj bién dbi trong ARN

ft nhit, mdi loai tARN dic hiéu cho m@f loai amino acid. Vi du: Arginine chi gén dac
hiéu véi ARN van chuyén arginine - viét tit 1a tARN"®, Tuy nhién, tit ca cac tARN c6
" mét sé dic tinh cAu tric chung: chidu dai khoang 73 - 93 nucleotid, chu triac gbm mét
mach cudn lai nhir hinh 14 ché ba (I—Iinh 3.7). PAu mat 3 c6 trinh tir két thiic CCA. Amino
aad ludn ludn gin vao diu CCA &vitri OH 3",

Cé4c enzym dic hiéu la aminoacyl tARN synthetase gin a01d amin v&i tARN tucmg
ung nhd ning lugng ATP tao ra aminoacyl-tARN. Phirc hop nay dén ribosom gin véi
mARN. tARN gén v6i mARN béng su bat cap bd sung nhéy dbi ma.
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/Ncn' gén Alanin

() v

o «— Nhanh gin acid amin

_ l 010,
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(HHH 0090@
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@
e
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©
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(&)
(¢)

Vong D

Vong anticodon o
Q@ ™
Cac base anticodon

Hinh 3.7. Cau truc alanin — tARN
CAu triic hinh 1a ché ba clia tARN — Alanin clia ndm men cho théy frinh tu nucleotid
hoan chinh. & thid, mot vai tARN thi€u véng xoan dihydrouracil (vong D).

3.2.2.2. Bién déi tARN

() t& bao nhan nguyén thuy va t& bao nhan that, cic tARN déu dugc tach ra ti
nhiing phan t& ban ddu dai hon nhd mét s& phan tng xt ly. 6 E. coli, cac gen cna
tARN thudng dude phat hién trong céc operon hén hdp, cung lic mé hod cho 4
tARN (tARNTyr, tARNThr, tARNGly, tARNThr) vd& mARN cho su tong hop
protein ~ yéu t6 ndi dai Tu.

Qua trinh cét néi thuy gigiddu tidn etra bin sao sdefp du’cic xuc tac bbi RNse,
tao cac ddu tin 5 ctia phan tu tARN.
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RNse P 1a mét enzym, gdbm 1 ARN c¢6 375 nucleotid vi mdt protein c6 trong
lugng phan ti 20 000. Trong cac di€u kién sinh 1y, ca 2 thanh phén protein va
ARN déu cén nhiing yéu t& dé hoat déng, nhung khi néng d6 Mg” * cao thi chi ¢6
thanh phin ARN ¢é hoat tinh xic tac. Theo sau hoat dong cia RNse P, mot s&
phén ting trong nhan va bién d6i base sé& tao nén tARN hoan chinh.

O E. coli, tARN cé trinh ty cuéi 12 CCA — OH, phién ma3 tit cic base b8 sung c6
trong ADN cua nhidm sic thé. Trong khi d6 & t& baio nhan that nhiing base nay
dude thém vao sau khi phién ma (Hinh 3.8). - '

3'GUUAUCAGUUAAUUGA

Pre- LARNT vdi ddu 5’ 6 16 ums Cdtbing
base. latron ¢é 14 base va UU eﬂd(zﬂﬂclcasc,
ddfutda 3 A thém CCA
U A
- G
G._.C
U._A
A_UC
UA A
v C
Ul

Cadt bing
endonuclease

N <
Sy két o6l phy thuge ATP
%\) eila cdc phdén ARN va bi€n d6i

&
>
rCocQc

Hinh 3.8. Qua trinh bién d&i cla tARNTyr  nam men
3.2.2.3. Cdc phdn ung trong qud trinh xiz Iy tARN
‘Mét 88 phan fing cht1 yéu cia ARN van chuyén trong gua trmh sinh téng hop
protein:

— Aminoacyl hoa
— Formyl hoa tARN md dau (t& bao nhan nguyen thuy)

— Gén nhiing yéu to noldai
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— Gén ribosom

— Nhéan dién codon — anticodon.

tARN c6 nhiéu diém nhan dién enzym. Mgt s§ diém nhén dién ddc thd cho
ting tARN riéng biét hay cho mét s6 loai ddng dang (nhu aminoacyl hoa, formyl
hoa, nhan dién codon — anticodon). Trong khi d6, ¢6 nhitng diém nhan dién dic
hiéu cho tat cd tARN (dé 13, su tuong tac v6i nhiing yéu to nél dai I, II va su gén
két ribosom).

3.2.8. ARN thong tin
mARN mang thﬁrlg tin qui dinh trinh ty protein dén ribosom, né duge tng hop khi

enzym ARN polymerase tiép xic vé&i trinh ty promoter cia gen ma héa cho protein trén -

phan tr ADN.
3.2.8.1. Cdu truc

Phén tit mARN gdm 3 phéan (Hinh 3.9):

1. Viing 5’ khong ma héa (57 UTR - untranslated region).

2. Ving mé hoa chira trinh tw ma hoéa cho protein (& té bao nhan that ving ma hoéa c6
céc trinh ty khong ma hoa (intron) ndm xen k& véi cée trinh tu mé héa (exon)). Ving nay
bét déu bang codon khai dau va tan cling bing codon két thiic.

3. Viing 3’ khoéng méi héa (3° UTR).
5'"UTR : 3"UTR

Chép 5° Exon 1 Intron 1 Exon2  Intron2 Exon3 Duii polyA
Hinh 3.9. C4u triic tién mARN cda té bao nhén that

ARN polymerase bét d4u phién ma tir mot vi tr nam trong trinh tur trudc ving ma hoa
cho phén tir protein, goi 14 doan 5° khong ma hoa. Do do, mARN c¢6 doan diu mang céc tin
hiéu cho ribosom nhén biét dé gan vao khi dich mi.

O dau 3°, sau sau codon két thie c6 doan 3° khong mé hoa mang trinh tu cua diu két
thiic (terminater); & té bao nhén that, ddy 12 noi gén dudi polyA.

Do viy, mARN nguyén ven cua té bao vi khuin va t& bao nhén that chira trinh tu
nucleotid nhidu hon sé duoc ding dé ma hoa protein. Cac trinh tr nay - 5’UTR va 3°UTR -
duoc phién ma tir soi ADN. Tuy nhién, do 4i lyc khéng 6n dinh v6i enzym RNase, doan 5’
hay 3° ¢6 thé Jam gia tang hay giam d6 én dinh cia phéan tir ARN. Cac doan UTR gitip phén
fir ARN tdn tai 14w hon trong té bao trude khi bi thoéi hoéa, do vay sé téng hop duoc nhidu
protein hon. Néu khéng co cac-doan UTR.-ARN.s& bi.thodi-héanhanh hon va lugng protein
san xuit sé it hon. Hon nita, trinh g UTR ¢6 ti&-titie @Ayaué trinh dich ma hidu qua hon.
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Cic mARN ciia té bao nhin nguyén thiy c6 thoi gian ban hily ngén: trung binh 2 phut,
ciia t& bao nhan that tir 30 phut dén 24 gie.
3.2.3.2. mARN J té€ bao nhén thét

O t& bao nhan that, sau khi mARN dude téng hop tai nhan, ching phai trai
qua 2 giai doan "hau phién ma™

1. Giai doan gin chop (capping): dau tién, nhém triphosphat tai ddu 5’ cla
phan ti ARN mdi tdng hop sé bi cit nhd enzym phosphohydrolase cat lién két y
— phosphodiester, loai bd a va B phosphat. Tiép theo, enzym guanyltransferase gin
guanin va o phosphat vio B phosphat ctia dau 5 bang kién k&t 5 - 5 triphosphat.
Sau d6, vi tri N7 c¢ha guanin s& bi methyl hod do enzym
guanin — 7 — methyltranferase. Cudi cung, enzym 2’ - O - methyltransferase sé
methyl hod vi tri 2’ cia dudng ribose.

Phan ting methyl hoa chép c6 thé xay ra theo 1 trong 3 cach (Hinh 3.10):

a) Chop 0: nhém methyl gin vao vi tri G7 do enzym guanin — 7 — methyl
transferase xtc tac. Phan ting ndy xay ra 3 tit cd mARN t& bao nhén that.

b) Chép 1: nhém methyl gin vao vi tri 2’ — OH dudng ribose cla nucleotid dau

" tién. Phan tng do enzym 2’ — O —~ methyl transferase xtic tae, x3y ra 6 hau hét

mARN te bao nhén that.

c) Chop 2: phan ing methyl hoa tuong tu xay ra ¢ nucleotld thi 2 véi ti 18
10 — 15%.

Ngoai ra, con ¢é qua trinh methyl ho& ndi phan td x3y ra tai vi tri N6 ca
adenin, v6i tan suit 0,1%.

Giai doan niy bao vé phén ti ARN khong bi cit lién két phosphoester do céc
phén t hydro lan c4n va chép 5 1a d4u hiéu nhan biét vi tri gin cia mARN trén
ribosom khi dich ma.

2. Giai doan gin dudi poly A vao dau 3”: 8 dong vat ¢6 va khodng 50 - 250,
con & nim men khodng 100 nucleotid Adenin dudc gin vaoc diu 8. Duéi poly A gin
vio pre — mARN c6 trinh tu nhan dién AAUAAA. Qua trinh nay do enzym poly A

- polymerase xtic tdc. Chiic ning dudi poly A tuong tu chép 5’ trong viée bao vé phén

tii ARN va gdn véi ribosom. Do vay, thdi gian ban huy dugc kéo dai va lugng
protein téng hdp ciing nhiéu hon. Ngodi ra ddu & ciing ¢6 vai trd trong vige vén
chuyén mARN tit nhan ra t& bao chat.

3.2.3.3. mARN nguoc

mARN ngude ¢6 thé ngin cin qua trinh dich mé & nhiéu t& bao nhan that khi
ehting ¢6 trinh tu bé sung véi trinh tu eua, mARN, Diéu nay cé nghia 1a mdt gen

72



khéng bidu hién duge thanh protein néu trong t& bao ¢ mARN ngudc. DAy c6 thé 1a
mdt co ché chéng lai hién tugng gen nhay ngude hay virus; do cd 2 trudng hop déu
ding sdi 461 mARN lam trung gian. Trong sinh hoé, hién tugng nay dugc dung dé
nghién ciiu chiic ning clia gen bing cach thém vac mARN ngude. m
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Hinh 3.10. G&n chép 6 mARN cia t& bao nhan that
1st base: base & cacbon vi tri 56 1; 2nd base: base d cacbon vi tri s6 2; 5'capping:
gén chép & ddu 5'; 5 — 5’ triphosphaste linkage: fién két triphosphat 5’ - 5'.

3.2.4. Cac ARN nhan nhé va cac ARN t& bao chitnhé
T& bao nhén that cé chita nhiéu phan ti ARN nhé khac ngoai tARN va 58 va
5,85 rARN, In vivo, nhiing phén ti nhd nay phiic hgp véi cac protein déc hiéu tao
nén cac hat ribonucleoprotein (RNP) dugc goi 1a snRNP hodc scRNP tuong ting cho

nhan hay cho t& bao chét. Chiing dai khodng 90 — 300 nucleotid.
Viéc bién déi tién ARN thanh ARN dugc thite hién véi sy tham gia cua nhiing
‘phan t& nhé la cac spliceogom, @6 chinh 14 cac snRNP.-Ngay nay tim thay dugc
7 loai snRNP tit U, dén Uy W; va Uy c6 vaiird trong viee stia d6i hnARN thanh
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mARN hoan chinh, con Us ¢ vai trd trong stia ddi pre ~ rARN thanh rARN t& bao
chat. Cac ARN c6 kha nang xdc tac dude goi 13 ribozyme. Ngudi bi bénh tii mién
héng ban Lupus (systemic lupus erythematosus), do bénh nhan tao ra khang thé
gén véi mot trong céc protein U; - U, snRNP. '

scRNP co vai trd biét rd nhit 1a 7SL ARN, mét thanh phén ctia phtic hgp nhan
_dién tin hiéu xuft SRP. SRP cdu tao bdi mét scARN ¢é chiia 294 nucleotid va 6
polypeptid ¢6 Mr tit 9000 — 72000. Khi mARN ctia protein xudt bat ddu dudc dich
mi, SRP tuong tac dic hidu vdi doan peptid tin hiéu xuét chia protein méi sinh va
v6i ribosom, ngin chin sy dich ma cho dén khi ribosom tiép xiic véi luéi ndi chit,
khi d6 né rdi khéi ribosom va tin hiéu xuit cla protein méi sinh gin vao b may
chuyén vi protein trén mang luéi néi chit va su t8ng hop protein duge tifp tuc,
protein sinh ra dudc chuyén vio trong ludi néi chit.

3.2.5. Céit ni & ARN té bao nhan that

3.2.5.1. Khdi niém

B6 gen té bao nhan that 13 bd gen gian doan gém cac intron xen k& v&i cdc exon
Hinh 3.9). Exon 14 trinh tu biéu hién, ¢6 & mARN truéng thanh. PAu tan cing 5° va 3’
c6 thé khong dich mé thanh trinh tu protein, do vay trinh tu exon khéng hoan toan la
trinh tw ma hoéa. Intron 13 trinh tu khéng chita mi va khong tham gia qua trinh biéu
hién, thudng c6 kich thudc 1én hon céc exon. Intron c6 rét it & t& bao nhan thét béc
thép, ndm va hoan toan khéng c6 & vi khudn trir mét vai ngoai 1&. Ban phién mi nguyén
thiy pre-ARN chita ca intron Ian exon va khéng dung truc tiép cho qua trinh dich ma
duge. Qua trinh loai bo céc intron va ndi cdc exon lai thanh ban ARN trudng thanh goi
12'qua trinh cat ndi ARN. :

3.2.5.2. Cit ndi ARN trong nhiin té bao nhin thit

Qua trinh cét ndi xdy ra & cac phitc hop giita ban sao nguyén thiy pre-ARN hay
hnARN véi protein nhén goi 1 hnRNP. Qua trinh ndy dién ra trong nhan té bao trude khi
mARN di chuyén vao té bao ghét dé tham gia dich ma. -

Cic yéu té cin cho sw cit noi:

C6 vai trinh ty chung rat ngén cua intron cin thiét cho sy cit ndi, trong khi phan con
 lai khong ¢6 lién quan, cu thé:

— Nguyén tée GU-AG (x4c dinh céc ddu cia intron):

+ GU ludn tan ciing dau 5’ cia intron: vi trf cho.

+ AG ludn tan cing ddu 3° ciia intron: vi tri nhén.

Bit ky vi trf cho nao ciing c6 thé gén voi vi tri nhén.

— Vi tri nhénh UACUAAC & ndm men hay mét trinh ty chung it bao tén hon & cac
intron ciia d6ng vt c6 vi ciing la yéu th.canthiét.
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Nguyén tic GU-AG c6 & >98% intron ciia bd gen ngudi. Ngoai ra, co cac kiéu intron
khéc duoc xac dinh boi kidu GC-AG, chiém khoang 1% va AU-AC chiém 0,1%.

Co ché cét ndi thong thudng: gdm 2 phan tmg chuyén nhém ester (Hinh 3.11):

— Phan tmg 1: Phan tng & dAu 5° cha intron, lién quan dén sy hinh thanh mot thong
long nbi gitra ddu GU caa intron qua lién két 5-2” v6i Adenin & thit 6 ciia vi tri nhanh.

— Phan ung 2: Diu 3’-OH ciia exon lic nay s& tdn cong vi tri cét ndi 3° (vi tri nhan),
sao cho cac exon duge ndi lai va intron dugc phong thich dudi dang thong long. '

Thong long sau d6 duge mé va intron bi phan hay.

Mot s6 buée phan Ymg cén ning lugng ctia ATP, hau hét a8 thic ddy cac bién dbi vé chu
dang trong ARN va/hay protein. Cac vi tri cho (5’) va nhén (3°) hAu nhu twong duong, do d6
su hinh thanh thong long chiu trach nhiém trong viéc lua chon vi tri cét ndi 3°. Cac kiéu cit n01_

~ khac nbau, tirc sy 16 hop khéc nhau ctia cac exon, dbi voi cimg mot phan tir ARN 12 do cac yéu
16 protein kich thich viéc str dung vi tri méi hay ngén can viée sir dung vi tri méc nhién.

Nbi exon, loai intron

Phan hay l

Hinh 3.17. Dlen bién phan (rng catndi ARN
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Spliceosom (thé ciit néi):

Spliceosom 1a mdt cdu tric phtrc tap gbm protein vd ARN véi khéi luong phan tir 1én
dén 12 MDa. N6 duoc lap ghép tir 5 snARN trong phirc hgp véi khoang 40 protein tao
thanh 5 snRNP, bén canh dé né ciing chira khoang 30 protein khac va 70 yéu t6 cit nbi.
Céc snRNP gom ¢ U1, U2, U5 va U4/U6 chita snARN U1, U2, U4, U5, U6. Chu tricc niy
6n dinh & cac t& bao nhén that.

Vai tro cita cdc snRNP va sw lip ghe’p spliceosom:

— snRNP Ul khéi dong qué trinh cit ndi bing cach gén vao vi tri cho (5°) nhd phan
{mg bt cip ARN-ARN.

— Phirc E chira snRNP Ul gén & déu 5° cua intron, protein U2AF (AF: yéu b tro gitp,
auxilary factor) gin vao rinh pyrimidin gifta vi tri sthanh va vi tri nhén (3') va céc protein
SR (yvéu t6 didu hoa) ndi snRNP Ul véi U2AF, kidu ghn khoi dau nay dugc goi 14 “nhan
dién intron”. Mit khac phirc E c¢6 thé hinh thanh gitta U2AF & ranh pyrimidin va snRNP Ul
& vi tri cét ndi 5° cua intron ké tiép (xudi dong), kiéu nay goi 12 “nhan dién exon”.

— Phitc E duge chuyén thanh phirc A khi snRNP U2 gén vio vi tri nhanh. snRNP Ul
tuong tac véi snRINP U2, giup vi tti cho va vi tri nhén tién lai gén nhau.

- Néu phirc E duoc tao thanh theo kidu “nhén dién exon”, vi tri cét ndi 5’ cia intron xudi
dong s& bi thay bang vi tri thich hop nguoc déng khi phirc E duoc chuyén thanh phiic A.

~ Céc vi tri nhin yéu co thé can ¢6 thém trinh ty ting cudng cit nbi (splicing
enhancer) ndm & exon xudi dong dé gin céc protein SR.

— Khi snRNP U5 gén véi vi trl cho ciia intron va U4/U6 gin véi U2 (U4 gin vai U6
bing phan img bt cip ARN-ARN nhim gitr U6 khong bat cap voi U2) phirc A chuyén
thanh spliceosom B1, chira tAt ca c4c thanh phén can thlet cho sy cit no1

— Viée phéng thich snRNP Ul cho phép snRNA U6 tuong tac vai vi tri cét néi 5°, va
chuyén spliceosom B1 thanh spliceosom B2.

_ Khi snRNP U4 tach khoi U6, snRNA U6 co6 thé bit cap véi snRNA U2 dé tao trung
tam xuc tac (phirc C).

[U41U6.US] tri-snRNP

Phirc A

Phirc B1 Phirc C

Hinh 3.12. Ti&n trinh 15p ghép va hoat hiéa spliceosom
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Kiéu sphceosom dua trén hoat tinh xuc tac cia U2 duoc goi la Spllceosom U2, chiém
da sb truong hop cit ndi & bd gen ngudi. Tuy nhién, mot sb truong hop cét ndi sir dung
mot spliceosom v6i trung tdm xic tic dwa trén U12 snRNP, goi la spliceosom Ul2.

- Céc intron duge cit ndi béng spliceosom ne‘ty dugc goi 1a cac intron phu thujc Ul2.
Spliceosom nay cé khac bigt v& ciu tao, bao gbébm U11 va Ul2 (co vai trd tu'orng tr Ul va
U2), mdt bién thé ctia U5, Udgac va Ubag, nhung noi chung qua trinh cét ndi cling dién
bién twong ty nhu spliceosom U2.

3.2.5.3. Cit noi cic ARN khdc

Tir ciit noz

Ngoa1 kidu cit nbi cac intron ciia ARN trong nhén t€ bao nhan thit duge xac dinh theo
nguyén tic GU-AG trén, c¢ac intron nhém I va I duge tim thiy & vi khuén va céc bao quan
¢6 kha ning tr cit ndi, nghla 1a hoat tinh xuc tac duge quy dinh san trong trinh tur coa
chinh intron, do 46 khong cin dén céc snRNP. Intron nhém I va I 8 gép lai (c6 thé co su
hé tro cha protein hay khoéng) tao chu tric bac hai co hoat tinh xuc tac (ribozym})
(Hmh 3.13) va nhin chung phan ung c&t néi vin didn ra theo hai buéc chuyén nhom ester
nhir trén. G intron nhém I, nhém OH 4i nhén cla phan mg chuyén nhém ester thir nhét
duge cung cép bdi Guanin tu do. Intron nhém Il cling sir dung thong long lam trung gian
nhur intron nhan, nhung c6 thé thyre hién phan img nhu la dic tinh tu xuc tac cua ARN.
Cac intron nay tuan theo nguyén tic GT-AG, nhung tao thanh mét céu trac thir clp dé giir
vi tri cit ndi dang phan img trong su ghép n6i thich hop.

G--OH Guanin tr do

Exon 1l BExon 2

Intron nhém [ * Intron nhom Il
| Hinh 3.13. Phan rng tw cit noi
Cit néi chéo: '
Héu hét mARN duoc tao ra tir mft pre-mARN duy. nhét do cdc exon ndi véi nhau.
Tuy nhién, mARN & mét s sinh vatda san pham do ndi cac exon tir 2 hay nhiéu pre-ARN
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khac nhau, goi la cét ndi chéo (trans-splicing). CAt néi trans lién quan dén phan {mg gitta
SL ARN nho va pre- mARN. SL ARN twong tw véi Ul snARN va c6 thé két hop vai trd
cung cip exon va chirc ning Ul.

ARN dédn Protein-cading
. : exon Poly-A site

h.__.3’

Bdn sao nguyén thy

Mini-exon Coding exon

Hinh 3.14. Cat ndi chéo ciia ARN din v&i exon ma héa protein & ban sao nguyén thiy
polycistron loai Trypanosoma nhé hai phan irng chuyén vj ester

Diu tién, vi tri nhdnh A & soi 1én tai ving gidu pyrimidin (mé&u xanh) lién két véi vimg
3’ ciia ARN dan, giai phong “tiéu exon” (mau vang). Sau do, d4u 3° caa tiéu exon tur do
lién két vai ddu 5 clia exon ma héa (mau hdng), cit bd doan nhanh chira ving 3’ cia ARN
din va ving 5’ mi héa cia ban sao nguyén thay. Cac budc nay tuong tmg véi phan g
chuyén vi ester hoa I, 1I trong cit ndi pre-mARN & € bao nhan that bac cao.

Xit Iy tARN: | '

Pre-tARN duoc cét va loai bd intron dé trd thanh tARN truéng thanh,

Xit Iy dan 5” v 3 |

— Xir Iy ddu 5’: enzym xic téc 13 ribonuclease (ARNseP).

— Xt Iy d3u 3°; két hop endonuclease va exonuclease. Néu du tin ciing 3’ chua cé
trinh ty CCA thi tARN nucleotidyl transferase s& bdsungtrinh trr nay.

-
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Pre-tRNA

5" and

3'end

GTP-kinase
ppG {GDP)

. o
Cyclic Phospho-
diesterase
w id PPi
PR@®A
Ligase

®A (AMP)
+ Ligase

Mature tRNA
5 end BN

Hinh 3.15. Cét néi tARN & ndm men.

Ciit ndi tARN & nim men:

_ ARN endonuclease (ARNse) cét tién tARN tai 2 du céa intron, tao nhém 5°-OH va
2'3’P vong .

— 2 nira phan ti¥r tARN cung tn tai nhd lién két hydro.

— Pi tir GTP gén vao nhém 5°-OH cua ddu 3’ exon nh& enzym GTP kinase.

-2 nira phan tir tARN  sau d6 lién két voi nhau nhdy enzym ARN ligase.

— Vong 2°3’P duge mé nhd enzym cyclic phosphodlesterase (1a mot phin cda phan
ting két ndi), giai phong 2°Pi.

— Phosphatase loai bo 2°Pi.

79



Tém tdt:

ARN g6m mét chudi don cta céc ribonucleotid néi véi nhau bdi cac lidn két
phosphodiester. Trinh ty nucleotid cia ARN b8 sung véi trinh tu mdt mach don
(mach khuén) ctia ADN xoén kép.

Cé 3 loai ARN chinh: mARN, rARN va tARN. T4t ca déu tham gia vio qua
trinh dich ma, nhung chi c6 mARN mang théng tin ma hoa cho ciu triic ¢d ban clia
phan ti protein. rARN c6 vai tré trong viée cung cip ndi téng hdp protein,
ribosom. tARN 1am nhiém vy van chuyén acid amin dén ribosom, tuong tac le
aminoacyl - tARN synthetase d#c hidu va két hop véi ribosom,

T4t ca ARN déu dude tao ra tit su stia d6i va bién d6i ctia nhiing tién ARN 16n.
Hon niia, t&€ bdo nhén that con ¢6 mdt s6 phan tii ARN nhd véi nhiing chiic ning
khéc nhau bao gém thanh phan cla enzym ribonuclease, di chuyén intron, két néi
exon vA mdt y&u t8 kiém soat vide tdng hop clia protein bai tiét.

CAU HOI

1. Tinh chat nao khdng phai cla tdt ca ARN?
a) Mach don polynucleotid
b) Dudng pentose (5C) 1a ribose |
¢) Ngoai A, G, C thi uracil thay cho thymin
d) Pugc tdng hdp tii trong nhan
e) C6 lién két hydro gita A=T

2. C#u tao tit 31 phan tu protein, 1 phan ti rARN 238 1 phén t& FARN 58 13

tiéu don vi:

a) 50S b) 308
c) 60S - _ d) 408
e) 708

3. Céu tao tit 49 phén tl protein, 1 rARN 28S, 1 phén ti rARN 5.85, 1 phan
ti rARN 58 la tiéu don vi: :

a) 60S ' b) 408
¢) 508 . - d) 308
e) 708

4. Tiéu don vi 408 cta té bao nhén that ciu tao tir:
a) 31 phén ti protein + 1 YARN 238, 1 rARN 58
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b) 21 phan ti protein + 1 rARN 168
¢) 49 phén ti protein + 1 rARN 288, rARN 5,85, rARN 58
d) 33 phéan tu protein + 1 rARN 18S
e) 49 phén tu protein + 1 rARN 23S + 1 rARN 58

5. Tiéu don vi 308 ctia t& bao nhin nguyén thuy ciu tao tir:
a) 31 phén tu protein + 1 rARN 238, 1 rARN 58
b) 21 phén ti protein + 1 rARN 16S
c) 49 phén td protein + 1 rARN 288, rARN 5.8S, rARN 55
d) 33 phén ti protein + 1 rARN 183 l _
e) 49 phén ti protein + 1 rARN 23S + 1 rARN 58

6. Qua trinh methyl hoa nhé ARN — methylase chi xay ra 6:

a) mARN b) Pre — rARN
c) tARN d) scARN
e) snARN

7. Tinh chat nito khéng diic hiéu cho tARN?
a) Chiéu dai khoang 73 — 93 nucleotid
b) Mach don cudn hinh 14 ché ba
¢) Piu mut 3’ két thie CCA gén acid amin
d) Pau mut 5 két thue G |
e) Mét loai tARN c¢6 thé mang nhiéu loai acid amin khéac nhau
8. Phéan ting nao khéng phai cla tARN trong qué trinh sinh téng hop protein?
- a) Aminoacyl hoa B |
b) Formyl hoa tARN md dau
¢) Gén nhiing y&u t8 két thic
d) Gén ribosom
e) Nhén dién codon — anticodon ,
9. Loai snRNP nao tham gia vio viée stta @61 hnARN thanh mARN hoan chinh?

2) U1, U3  b) U4, Us ¢) Us, U7 d) U1, U2 e) Ul, U4
10. O & biio nhan that mARN sau khi dude phién ma phai trdi qua: |
a) GAncap " b) Gén dubi polyA
) Cé'i‘: ndi dé loai intron— d)-a,-b-

eya,bvac. -
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Baid
SU PHIEN MA VA MA DI TRUYEN

MUC TIEU

— Trinh bay dude qud trink phién md & t& bao nhdn nguyén thuy va t€ bag
nhdn thdt.

— Mo ta duoc sy phién md cé diéu hoa.

— Trinh bay duoe su phién md ngude, néu duge ¥y nghia cua né trong chu trinh
séng cua Retrovirus. '

— Néu duge ban chdt cia ma di truyén va cdch nhdn biét.

— Phan biét dude cdce loai ARN polymerase vé cdu triic va chife ndng.

4.1. MO PAU

" ADN trong nhidm sic thé déng vai trd Iuu trit théng tin di truyén cla t& bao.
N6 quy dinh trinh tu acid amin cua hang ngan protein khac nhau. Tinh déng nhat
va s6 lugng céc protein niy quyét dinh tinh chit sinh hoa cén ban cta t€ bao. ADN
khéng truc tiép sip Xé'p cac acid amin cho sy polymer hoa thanh protein ma la
mARN, 12 ban sao b8 sung vdi mét mach polynucleotid cua gen. Qua trinh tao ra
cac ARN dugc goi 13 su phién ma. Tin hidu dugec ma hoa trong ADN huéng dan
enzym thuc hién phién ma, ndi md ddu, noi két thic.

 Su diéu hoa & miic d§ phién ma 13 su kim soét quan trong hang dau trong
biéu hién gen. ARN duigc phién m3 tif gen phu thudc vao mét viing nhit dinh duge
goi 1a promoter (viing khdi dong). Bén canh ving khdéi déng, c¢on c6 mét vai trinh
ty khac trén ADN ciing ¢6 vai trd quan trong trong viéc di€u hoa bidu hién gen.
Vén d8 nay duge nghién cttu k§ va bidu hién rd & t&€ bao t& bao nhén nguyén thuy,
con & t& bao nhan that chi méi duge nghién citu tit khi ¢6 k§ thuat ADN tai t6 hop
nhung ciing thiy duge médt s khac biét vdi t€ bao nhan nguyén thuy. . .
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' Su nhan dién cac acid amin d8 lién k&t ching v6i nhau thanh chudi polypeptid
dugc x4c dinh béi céc trinh tu ribonucleotid trong mARN. D6 1a mARN duge dich
ma ti "ngdn ngit" nucleotid cua ADN. Ma di truyen mé ta mol quan hé gitia 2

ngdn ngii nay.

4.2. NGUYEN TAC CHUNG

Qua trinh truyén théng tin di truyéh tit ADN sang ARN dugc goi la su phién
ma. Tham gia vao qué trinh phién mé c6 hé théng enzym ARN polymerase, dung
ra, tén chinh xac 1a ARN polymerase phu thude ADN. ADN thé hién kha ning di
xtc tic tic 13 1am khuon d€ téng hdp nén mét phén ti khac.

Su phién ma thuc hién theo cac nguyén téc:

"~ Chil trong 2 mach cla phan td ADN dung lam khuon dé téng hop ARN
(Hinh 4.1) ,

— ARN polymerase bam vao ADN lam tach mach va di chuyén theo huéng
3" —> 5 trén ADN dé cho "ARN" dugc téng hop theo hu’érig 5 —3.

— ARN polymerase gin viao ADN gay ra hién tugng "ehay" tai chd bén trong
chudi xoén kép ADN. K&t qua 1am dit cac lién két hydro giia cac doi base b6 sung.
Co chét cho ARN polymerase 1a cac ribonucleotid 5 — triphosphat ATP, GTP, CTP
va UTP. Mét ion kim loai hoa tri 2 hogc 1a Mg® hoic la Mn?* déng vai trd
co — factor. - '

C#u tric ciia phan ti ARN thudng bit ddu bang 1 nucleotid purin (ATP hay-
G'TP) b8 sung cho nucleotid & dim bt d4u phién ma ciia mach khuén miu ADN.
NTP thit 2 dude dua vao khudén mau ADN (lai theo nguyén téc bd sung cip base)
va lién két 3’ — 5 phosphodiester dudc hinh thanh gifia nhém 8’ — OH ca NTP ddu
tién va nhém phosphat (@) ctia NTP thi 2.

57 | ATGCAATGACCGACA J 3 Soi khong phién m&
ADN i i
[ TACGTTACTGICIGT | : Sgi phién ma
lPhién m3
"ARN 5'  [[RUGCARTG SCCGACA | 3
l Dich mé
Protein N- tén Met Gln Ser Pro Thr | c-téan

Hinh 4.1. Qua trinh chuyén théng tin tir ADN dén protein

Phan img xay ra theo phia thiy phan pyrophosphat vira dugc giai phong. Béng cach
nay ARN duoc tiép tuc kéo dai va mot to hoplai ADN-ARN duge hinh thanh. Chu01 ARN
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kéo dai theo hudng 5°-3’ va ARN polymerase cliing véi ving sgi kép ADN dudi xoén (con
goi 1 bong béng phién ma) chuyén dong doc theo soi khudn miu theo hwéng 3°— 5°. T
hop lai ADN-ARN trong bong béng phién mi c6 chiéu dai khoang 9 bp. Khi chudi ARN
mdi sinh dat chidu dai 12 bp, d4u tan 5’cua chudi ARN mdi hinh thanh s& 16 ra khoi bé& mit
enzym. Khi bong béng phién ma di chuyén, ADN s¢i kép phia trude dugce thdo xodn va 2
mach don phia sau n6 phuc hdi trang thai soi kép ban diu. ARN polymerase tiép tuc di
chuyén doc theo mach ADN khu6n méu dén khi gip diém két thuc, d6 1a tin hiéu duge ma
héa trong mét trinh tw ADN quy dinh cham dut sy phién mi. ARN polymerase va chudi
ARN hoan chinh dugc tach ra khéi khudén miu ADN.

ARN polymerase thyc hién su lién két cho 4 loai nucleotid triphosphat gidng
nhaﬁ, khong phén biét loai nay, loai kia. Khac véi su sao chép ADN, méi khéng
can thiét cho s phién ma.

Trong da s6 truong hdp, chi ¢6 mot trong 2 mach ca ADN dude phién mi va
su phidn ma nay dudc goi 14 phién ma bat d61 xiing. Ciing c6 nhiing truong hogp
trong d6 su phién ma xay ra & ca 2 mach ADN, d6 14 sy phién ma déi xing, vi dy,
sy phién mi d ADN ty thé t& bao thd, trong d6 cd-2 mach cia bd gen vong 16 kb
déu dugc phién ma ra ARN. Tuy nhién, sau d6 1 trong 2 ban sao nay bi thoai hoa.

Khée v61 ADN polymerase, ARN polymerase khéng ¢6 mot hoat tinh sta sail
nio, vi nhiing nucleotid nao két hgp khéng chinh xéac thudng duge thay thé ngay
bing nhiing nucleotid phat hop. Hon niia, néu ¢6 181 hiém hoi nio xay ra thi ciing
khong di truyén duge vi ARN khéng phai 12 noi luu tri thong tin di truyén.

Chubi ADN dugc phién ma tao ARN dugde goi 13 1 don vi phién mid va sén
phdm 1a ban sao nguyén nguyén thuy. Ban sao nguyén thuy nay duge bién déi
truée khi dam nhén vai tro chiic nang cia né. T4t ca cac loai ARN t€&€ bao (mARN,
tARN, rARN va ciac ARN nhd) déu duge phién ma tit ADN.

4.3. SU PHIEN MA & TE BAO NHAN NGUYEN THUY

Su phién ma & t& bao nhin nguyén thuy ¢b nhiing dic diém sau:

— Chi mét loai ARN polymerase chiu trach nhiém t6ng hop tat ca cc loai ARN.

— mARN thudng chita théng tin nhiéu gen néi tiép nhau (polycistron mARN).

— Qua trinh téng hop mARN dude tién hanh khi ARN polymerase bam vao
viung khéi dong (promoter). Khi gin vio, polymerase khong t6ng hgp mARN ngay.
Sy téng hdp chi bat d4u tir du xudt phat, thudng 1a TAC ndm cach 7 — 8 base phia
sau chd bam v€ phia ddu 5’ ctia mach khudn. .

— O phan 16n t& b2o nhin nguyén thuy, qua trinh téng hdp tiép tuc dén khi
doc qua d&u két thic. K&t thuc phién méd, ARN polymerase va mARN tach roi
khdi ADN. . ‘ ‘ '
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~ Qua trinh phién mi va dich ma x4y ra déng théi véi nhau.

Hiu hét su hidu bit v& qua trinh phién mi & t& bao nhin nguyén thuy xuit
phat tit su nghién citu trén E. coli va thyc khuédn ctia né. Co ché ciia sy phién mé &
E. coli tuong tui & hau hét t&€ bao nhin nguyén thuy, ngoai trit Archaebacteria
{c6 intron trong ADN).

Nhidm shc thé don bdi cta E. coli 1a mot vong khép kin chira 4 x 10° bp (ciip base).
ADN nay ¢6 cdu hinh thio xoén cyuc dai (negatievely supercoiled conformation). /n vivo,
nhidm séc thé 12 mdt cu triic 1ong 1€ goi la nucleoide va dugc gén vao mang t& bao chat.
B§ gen ciia E. coli chita khoang 3000 gen chu tric khac nhau, hiu hét co6 miat trong mot
ban sao duy nht, sip xép thanh 100 don vi phién ma.

4.8.1. ARN polymerase cua E. coli

L4 mdt protein phirc hop chira t6i 5 tiéu don vi gbém 4 loai va c6 trong luong phan tir
khoang 450 000 Da. Toan bd enzym dugce goi 1a holoenzym (holozym) chira cac tiéu don
vi 0opp’c. Trong do tidu don vi B va P’ chiu trach nhiém xuc téc, tiéu don vi o lién quan
dén viée lép ghép enzym, nhén dién promoter va gén cac protein hoat héa, tiéu don'vi o
(con goi 12 yéu t6 o) lién quan dén tinh dic hidu véi promoter.

Tiéu don vi & (sigma) c6 thé tach ra thuan nghich tit holoenzym va dugc phén
tach bing sic ky trén ct phosphocellulose:

aapf'c “ acPp' + c
Holoenzym core enzym sigma

Enzym 16i cdu tao béi céc tiéu don vi BB’ va hau nhu gidng nhau gitta cac loai vi
khudn. Lai c6 kha nang xtc tac va kéo dai chudi ARN, nhung khong c6 kha ning khoi
dong su phién ma. Binh thudng né gén véi ADN tai mot s trinh tir goi 14 “vi tri gén loi”
véi thoi gian ban hity 1én dén 60 phitt, nhung khong gy ra su bién déi nao trén ADN.

Trong mdi t& bao cb nhiéu loai yéu t§ ¢ khac nhau, do d6 c6 nhiéu holozym khic
nhau. Khi yéu t6 o gin vao enzym 16i, né lam giam ai luc cua enzym d6i vé6i cac vi tri gén
loi hang van lan va thdi gian ban hity chi con < 1 gidy. Tuy nhién, ai luc v6i promoter lai
tang 1én va thoi gian ban huy cua phic holozym véi promoter 1€n dén vai git. Su gin yéu

8 o cling gitip enzym ¢ kha niing khéi dong su phién ma. Ai lyc va tin suét khoi dong
phién mi khac nhau tity theo mdi loai yéu t5 o va trinh i promoter cu thé.

4.3.2. Promoter

Cdu tric chung:

Promoter 13 trinh tu khéi dong su phlen méa, moi do'n vi phlen mi deu c6 mot trlnh tur
promoter & thucmg ngudn. Phin 16n promoter & E. coli ve co ban dédu giong nhau, Néu ky
" hiéu base dAu tién phién ma thanh MARN (thuong Jas Adenln) la +1 th1 cac base theo
huéng nguoc lai véi chiéu phién mé ky hiéu “-”.

85



Promoter gdm 2 trinh tu. D6 1a trinh ty TATAAT, cach diém xuét phat 6-8 base va co
base trung tAm & vi tri -10. Trinh ty ndy con duge goi 1a hop TATA hay hop Pribnow. Va
mét trinh tr thir 2 TTGACA c¢6 base trung tdm & vi tri -35, do d6 duge goi la vung -35
(Hinh 4.2), (Bang 4.1). Hai trinh tu nay la noi gin khai déng phién md cia ARN
polymerase. Khong phai promoter nao cfing ¢6 cAu tao giéng hét céc trinh tu ndy, ma co
mot it sai léch nhd, do dd ngudi ta goi trinh tr nay 1a trinh tr chung.

‘Nghién ctru céac trinh tu lién quan dén khoi dong phién mi & E. coli cho thay tin hiéu
khoi dong bao gom (Bang 4.1):

— Vi tri bt dAu phién m4 1a mot base purine (chiém 90% trumg hop), ndm trong trung
- tm cta trinh tr CAT.

- Vung -10, co trinh tr chung ]a TTGACA, nim cach vi tri b4t déu 7 nucleotid vé phia
thuong ngudn (thay déi trong khoang 5-9 nucleotid). Xéc sudt xut hién cia cic nucleotid
trong vung -101a: T30A95T45A60A5‘0A96. )

— Ving -35, ¢é trinh tu chung 14 TTGACA, khoéng céch gitra ving -10 va -351a 17
base (thay d6i trong khoang 16-19 nucleotid). Xac sudt xudt hién cta céc nucleotid trong
vung -35 la: TgrTgaGraAssCsaAus.

 — Trinh tr va khoang céch giita chung quyét dinh viéc khoi dau phién ma.
Bang 4.1. Cac trinh tw chung -10 va -35 ciia mot s6 promoter cia E. coli

Promoter -35 10 Biém xuat phat

Trinh tw chung TTGACA <17 bp— - TATAAT «—7hbp—A
(consensus) :
lac P TTTACA <18 bp— _ TATGTT «—6bp— A
AraC CTGACA 17 TGTCAT 6 G
AraBAD CTGACG =~ 18 TACTGT 8 A
T TTGACA 17 TTAACT 7 A
Vi trf bit dau
Ving -35 Ving -10 N 3!
16-19 base ' 5-8 base

3 | TTGACA TATAAT CAT : 5

Hinh 4.2. C4u hinh viing -10 va -35 trén ADN
Churc niing quan trong cta hop -10 va hop -35 dugc phat hién tir viéc nghién ciru anh
huong cia cac dot bién thay thé base trong ving nay d6i v6i qua trinh phién ma. Nhiéu
" d5t bién nhu vay we ché hay lam tang sy phién ma cia gen. Trinh ty cla promoter c6 tinh
quyét dinh di véi cudng dd hogc tAn sut khoi dong phién ma. Vi dy, té bao E. coli chira
khoang 12 phén tu cua /ac represser (chat_iic_ché lgc-operon) vé& gen cta ndé duge phién
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ma chi mdt 1an mdi 30 phat. Miat khac, ARN ribosom, do doi héi s6 lwgng 16m, vi khoang
10.000 ribosom phai duge hinh thanh sau mdi thé hé té bao (khoang 20 phut), nén mbi
gen rADN dugc phién m3 khoang 2 gidy mot 1an. Su khac biét nay do cudng d§ ving
khoi dong. .

‘Cac nghién ciru dot bién cho théy vai trd ctia vung -35 lién quan dén viéc nhéan dién
khéi ddu ctia enzym dbi véi promoter dé gén vao tao phirc hop dong va vimg -10 lién quan
dén viéc thdo xodn ADN d chuyén phirc hop déng thanh phitc hop mé.

Yéu té sigma:

Té bao c6 nhiéu loai yéu t6 sigma dé nhén dién cAc ho promoter khac nhau.
Nhitng nghién ciru trén su dap img shock nhiét & E. coli cho thiy ring kha ning phién ma
cac gen khac nhau ¢o6 thé dat dugc do sir dung cac yéu td o khac nhau. Ngudi ta da ching
minh su dép tmg shock nhiét c6 lién quan dn viéc téng hop nhimg protein méi khi 6 sy
gian doan nhiét mdi trudng nudi cdy vi khuén hay té baoc. Su d4p ng nay bién thién rat
rong & 1€ bao nhan that va té bao nhan nguyén thity. Nhitng protein mdi nay, duoc goi 1a
protein shock nhiét, dugc xem 1a d& bao vé té bao chéng lai sy bién dbi nhiét.

G E. coli c6 khoang 17 protein shock nhiét ma sy biéu hién ciia ching duwoc kich
hoat béi san phim ciia gen AprR. Gen nay dap vng v6i shock nhiét va méa hoa cho chudi
polypeptid ¢6 Mr 32.000, déng vai trd nhu mét yéu t6 o bién ddi. Yéu té nay (dugc goi
6°%) két hop voi phin 1561 binh thudong cia ARN polymerase dé tao nén holoenzym
02BB’c°%. Enzym nay chi bAm vao nhing promoter cia gen shock nhiét, chir khong bam
vao promoter cla cdc gen binh thudng va c¢6 trinh ty ving -35 dai hon v6i mot sb6 khac
biét nho. '

Vi khudn Bacillus subtilis ciing sit dung céc yéu t6 o khac nhau dé biét hoa tir dang
sinh dudng sang dang bao tir.

Nhur vdy, 1€ bao sir dung cac yéu t6 o khéc nhau dé phién md cac ho gen khic nhau
nhim dép tmg vé6i cac didu kién mdi trudng hay giai doan ting trudng khac nhau. Cac yéu
t6 & ¢6 thé duoc hoat héa ddc 18p theo tin hiéu mdi trudng hay cé lién quan véi nhau theo
16p, tire yéu t o nay cin dé phién ma yéu t6 o tiép theo.

Béng 4.2. Mot sb yéu té o cha E. coli

Yéuté | Gen Ving -35 Khoang céach Ving -10 Chirc ning
o’ rpoD TTGACA 16-18 bp TATAAT Chung, co ban
o2 | moH | CCCTTGAA 13-15 bp CCCGATNT Pap trng séc nhiét
o | moN | CTGGNA 6op TTGCA Pap trng thiéu nito
o® (") | fiA CTAAA 15 bp GCCGATAA Téng hop tiém mao
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Nhiéu ADN thuc khudn thé md héa ARN polymerase riéng, chi nhin dién cdc
promoter dic trung cuia chiing. Mot sb promoter nhu vy dugce sir dung trong viéc tao dong
plasmid nhim san xuit mot sé lvomg Ién mARN tir mdt gen quan tdm. Nhitng ban mi sao
nhu vay c6 thé duoc sir dung nhu nhimg doan mdi hodc c6 thé dugc tbng hop in vitro
thanh mét san phim protein can thiét.

A

Soi khudn

3 H r S H
5 ‘]]]: 3’
Soi mé héa
B
3 >
5"
San phim khoi dong bé d&
5"
C
3’ 5°
5° 3’

'Hinh 4.3. Sy kh&i diu va néi dai chudi ARN b&i ARN polymerase cta E. coli
(A) Holoenzym gin vao promoter tao thanh phirc hop khéi déng déng. Céc trinh tr -10 va -35
déng vai trd chii yéu cho s gin nay. (B) Polymerase lam chay tai chd chudi xoén kép hinh
thanh nén phirc hgp khéi déng mé. Triphoéphat nucleotide dAu tién duoc két ndi va hinh thanh
ciip base tai diém xuéit phai-+}. Ban diu enzym chua di chuyén va tdng hop mot sb doan ARN
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ngin, rdi g& bo, goi 1a khai dong tir bo. (C) Su kéo dai chudi ARN bat dau khi enzym di
chuyén va cdc NTP dugc polymer héa vio du 3°-OH clia dudmg ribose ctia chudi. Bong béng
phién mi di chuyén doc theo sgi khuén ADN theo hudng 3°—5’, Khi dd két dinh dugc khoang
12 nucleotide vao chudi thi tiéu don vi o tich ra dé lai phin 16i cia enzym hoan tht qua. trinh
ndi dai. Tidu don vi sigma fai c6 thé lién két véi phan 15i tu do trong dich bao twong dé tham
gia vao vong khéi déu méi.

4.3.3. Khéi diu va ndi dai chudi ARN

Viée gin ciia holoenzym ARN polymerase vao promoter tao ra phirc hop khéi dong
déng trong d6 ADN vin & dang xodn kép (Hinh 4.3). Phitc hgp déng c6 tinh thudn
nghich. ARN polymerase gén vao promoter trén mét ving khodng 75-80 bp, trdi tir vi tri
+20 dén -55, trong d6 cac didm tiép xuc chu yéu giita promoter va enzym nim & céc
ving -10 va -35. Trong holoenzym, yéu t§ o chiu trach nhiém gin trye tidp voi ADN tai
cc viing -10 va -35. Yéu 8 o tu do khong ¢6 kha ning gin ADN, do vi tri gén bi che béi
ving N- tin cta chinh n6. Khi két hop voi enzym 161, yéu t& o dudi ra va bdc 16 céc vi tri
gén ADN.

Phirc hop déng nhanh chéng bién thanh phitc hgp mé do céc lién két hydro cia mach
kép ADN bj enzym cit trén mot ving 12-14 bp xung quanh ving -10 va diém xuét phat,
tao thanh bong bong phién mé. Nucleotid triphosphat déu tién (thudong 1a ATP hodc GTP)
gén vao tiéu don vi p cua polymerase, huong ding vao base bd sung & vi tri +1 clia soi
khuon mAu. M6t nucleotid triphosphat thir 2 tiép theo duoc két ndi va hinh thanh lién két
phosphodiester ddu tién. Tuy nhién, ARN polymerase khong thuc su b4t dAu phién ma
ngay ma no6 thirc hién mét sé chu ky “khéi dong bé dé” (abortive initiation), nghia 1a kéo
dai phan tir ARN méi t5i da dén 9 nucleotid rdi gor bo va tng hop lai tir du,

Néu khéi dong thanh cong, enzym s& chuyén cAu hinh thianh phuc kéo dai va di
chuyén khéi promoter doc theo ADN d téng hop sgi ARN méi. Thoi diém ARN
polyrrierase di chuyén khoi promoter xay ra Iac sgi ARN méi dai hon 10 bp. Lic nay yéu
t6 o-khong con can thiét va c6 thé tach ra dé tham gia khéi dong tai mot promoter khac.
' Nhu véy, chubi mARN dang téng hop mang triphosphat & déu 5°.va kéo dai theo huéng 5
— 3’. V& diém nay, phién ma giéng voi sao chép ADN. 3 vi khudn, tbc d6 phién ma
khoang 40 nucleotid/gidy. . '

& E. coli, hiu bét mARN c¢6 thoi gian ban hity duge tinh bing phit. Ching nhanh
chdng bj thodi héa badi hé théng enzym endonuclease va exonuclease. Thit ra, phén lom
mARN cé trong t& bao chit & bit ky théi didm nao ciing déu 13 nhimg chudi méi sinh.
Ching gin vao phtc hop, ADN khuén-ARN polymerase. Ribosom gin vao vi tri gén
ribosom & gin ddu 5° clia mARN vira r&i phitc hop ADN khudn - ARN polymerase. -
Do d6, su phién mi va dichrm#-¢&-té-bionhinnguyén-thiry duge thue hién gan nhu
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ddng théi. Chinh diéu nay lam xuét hién mot dang kiém soét phién mé goi 14 phién ma
suy giam.
4.3.4. Két thiic qu4 trinh téng hop ARN

Chudi ARN duoc nbi dai cho dén khi gép phai mét trinh tu chuyén biét trong chudi
ADN. Chudi nay dung dé két thuc qua trinh tdng hop ARN. E. coli ¢6 2 co ché két thue:
mét co ché phu thudc viao protein phu duoc goi la p (yeu t6 Rho) va mét co ché khac
khéng phu thuoc vao yéu t nay.

4.3.4.1, Két thiic dbe Idp voi | yéu té Rho

Sur két thic phién ma kiéu nay chi phu thude vao trinh ty két thiic (terminator) sin ¢
trén ADN va du’o*c ARN polymerase phién ma thanh ARN, do d6 dugc goi 1a két thic ndi
tai, gip & khoang mét nira sb gen & E. coli. Piém két thuc kiéu nay dic trung boi su hién
dién cia mét trinh ty giau GC trén ADN, c6 céc palindrom dé tao ciu triic vong hay kep
t6c, theo sau boi 5 hodic 6 Adenin. ARN dwoc phién mé tir trinh tw ndy 6 thé hinh thanh
mot nit vong hay mét cAu trac kep téc do céac lién két hydro ndi phan tir gitta cic base bd
sung (Hinh 4.4). Céu tric bic hai ndy tdich ARN polymerase ra ngay khi n6é phién ma t&i
trinh tu giau A phia sau. Ca cAu triic bac hai 14n lién két yéu giira polyU trén ARN véi
polyA trén ADN tao diéu kién cho sy phién ma két thic va ARN tach khéi ADN.

AT TNU
/ N\
u G
\ )
C A
N6~
|
G—C
|
C—G
||
[
> C C—G
\C Gl___(I: Phirc lai PolyU-Poly(dA)
~c_ f L LD LRt .
A ‘U, U_U_U_U_U }3O0H
T T — — — _C_G_c__C_C_G_E_A_A_A_._A.__A_A i ADN

Hinh 4.4. Cau tric bac 2 dwgc gid thiét cua ban sac ARN dwoc phién ma tir diém két thic
(terminator) cida trp operon & E. coli

Niit vong hay kep toc va trinh ty polyU tao nén tin hiéu két thic
4.3.4.2. Két thiic I¢ thupc yéu 16 Rho '
Sy két thuc nay ciing cAn sw c6 mit ctia nut va vong ngay trude dau kéo dai ciia ARN.
Nhung khéng c6 trinh ty oligo (). VEU 18 p 12 Mot profein g6m 6 tiéu don vi gidng nhau
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<6 Mr 46 000 va c6 ai Iuc cao v6i chudi ARN don. Yéu t6 p gén voi ARN tai céc vi trf rut
(viét tht ciia tho utilization), c6 djc diém 1a giau C va ngheo G, nhung khong gén vao cac
mARN dang duoc dich ma boi ribosom. Yéu t6 p co hoat tinh helicase va sir dung ndng
lwong thily gidi ATP dé di chuyén trén ARN. '

- Khi gin vao ARN, yéu td p thiy gidi ATP va néng luong tu do duogc giai phong giup
n6 di chuyén doc theo chudi ARN méi sinh, hudng t6i bong bong phién ma (Hinh 4.5).
Khi dudi k1p ARN polymerase, yéu td p tach phirc lai ARN-ADN va phéng thich mARN
vao té bio chét. | ' '

ARN polymerase

NRINNRARER HRSNNNEEER

Y &u t6 Rho - ADP + Pi

"ATP + H 2O

Hinh 4.5. M6 hinh gia thiét cho sw két thic phién ma & E. coli boi yéu té Rho

4.4, SU PHIEN MA G TE BAO NHAN THAT

Phién ma & t& bao nhén that 6 cac dac diém sau:

— ARN polymerase II chiu trach nhiém téng hop mARN, ARN polymerase I
téng hop rARN, ARN polymerase III phién ma cho ra cac ARN cb kich thudc nho,
tARN, ARN 58. ' .

— mARN chiia théng tin ciia mdt gen (monocistron mARN).

— Qua trinh phién ma phiic tap hon. O dau 5 mARN c6 gin thém "chop" (CAP)
14 7— methylguanosine, con cudi mARN phia 3’ c¢6 thém "dudi” polyadenin dai
100 — 200 nucleotid.

— Ban phién mé ddu tién cdn goi la tién mARN khong dudc st dung tryc tiép
ma phai qua bién ddi. ‘ ‘
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Mach ADN - Poan khéng ' Codon
khuén mdu mi héa k€t thiic

Promoter l Intron 1 Intron 2

31 B I 1 0 NN 1111 I l....5

Exon 1 Exon 2 Exon 3

l Phi€n mi va tao chép

Pfe-mARN—-G(lD'@'@-!V 0817051 I 1108116 N 1111111 IO

C41néi thém poly A

A" 6 ® @@ -I!lllllllllllll!Iﬂ!lllllllllllllmiIIII# AAAAA—

Codon két
thic

Hinh 4.6. Phién ma gen gian doan & té bao nhan that
4.4.1. Cac gen gian doan

T nim 1977, ngudi ta phat hién nhidu gen ctia t& bao nhan that c6 tinh gian
doan. Trén gen, cic doan ma hoa cho protein dudec goi 14 exon xen ké véi cic doan
khdéng ma hoa dudc goi 14 intron. Ban phién ma d4u tién tic 12 tién mARN chiia ca
trinh tu phién ma cta exon va intron. Tiép theo céc intron tiic cac doan khéng ma
hoé protein duge cit rdi ra, con cic exon ma hoa protein duge néi 1ién lai véi nhau
dé tao ARN trudng thanh. Qua trinh nay dudge goi 1 cat ndi (Hinh 4.6).

Khi mach mARN dang duge néi dai khodng 20 — 30 nucleotid thi 6 ddu 5P,
enzym sé néi thém vao gbc 7 - methylguanylate. Chép nay gin vao diu 5P tao
nén lién két 5P - 5'P.

Mbt doan ngin ctia dudi 3’ pre - mARN, tai phan khéng m3 hoa sau bd két
thiic, bi cit dé néi dudi poly A.

Phiic hgp ribonucleoprotein (snRNP) cfia nhan t& bio thue hién qua trinh cit
né1 (splicing) tao cdu tric khéng gian thuan tién cho cac ddu exon gin nhau va xic
tac phan ting két néi.

Sau splicing, mARN vira mdi trudng thanh khéng cén intron, qua 16 mang
nhén ra t€ bao chit de dich ma.

Khéng phai mARN cuia t&€ bao nhén that nao cung can gén chop, néi1 du01 va
cat néi. ‘

Chi c¢6 mdt ti 1& nhé (khoang 10%) bd gen ciia t& bao nhéan that 14 phién ma
duge. Phan 16n con lai clia bé-gen 0 trang thai sdi nhiém sic déng xofin manh
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(d1 nhiém sdc) nén tro véi su phién ma. Ph1en m3 chi xdy ra & cic nguyén nhiém

sic xoan 10ng léo.
4.4.2. ARN polymerase ctia t& bao nhéin that
Nhan clia t& bao nhén that cé 3 loai ARN polymerase (L, II, I1T) (Bang 4.3). |

Bdng 4.3. Cac ARN polymerase nhéan cia t& bao nhan that

Loai Vi tri Bdn sao  Hiéu dng
: 4 —amanitin

Polymerase | Nhan con Tién rARN I16n ' Khéng nhay cam
Polymerase I Dich nhan Tién mARN (hn ARN) : Rat nhay cdm
Polymerase 1lI ‘ ‘Dich nhan 5S rARN, tARN va cac | Nhay cam trung binh

ARN nhd khac

Polyinerase I trong nhén, phién ma cac gen ARN ribosom. Ban sao cht yéu la
pre — rARN. Polymerase II tim thdy trong dich nhan, rit nhay cam véi su (ic ché&
clia o — amanitin (khodng 50% tic ch& & néng 46 10® M). N6 phién m3 cic gen ma
hoa protein va céc ban sao so cip khoéng déng nhit (hnARN), 13 tién chét cia
mARN t& bao chét. Polymerase III ciing & trong dich nhéan, phién ma céc gen 58
rARN va gen tARN. N6 nhay cam trung binh vdi su tic ch& cia o — amanitin
(khoang 50% tc ch& § 107° M). Phan ting duge xic tac bdi cac polymerase t& bao
nhéin that, v& mit hoa sinh ciling gidng véi cac. phan ing du’dc xuic tac boi cac
enzym 6 E.coli.

Ca 3 loai polymeraée cﬁa té bao nhan that déu c6 phén tr lugng 16n véi M vuot qué
500.000. Ching gdm 2 tidu don vi >100.000, mbi phin 13 mét polymerase chuyén biét va
co toi 12 jciéu don vi nho hon, trong d6 ¢6 t6i mét vai phin khong gip & ca 3 polymerase.
Chitc ning chinh xac cua cac tifu don vi khac nhau chua dwoc biét hét. Khic véi
polymerase vi khudn, polymerase nhin t& bao nhén that khong c6 kha ning khéi ddu phién
mé & c4c ving tuong tmg v6i cac vi tri khéi dAu in vivo, khi 0 enzym tinh khiét voi ADN
in vitro.

4.4.3. Sy phién ma do ARN polymerase I

Cac gen ARN ribosom thuorng la céc gen duoe phién m3 nhiéu nhét trong té bao, phan
anh nhu ciu cao v& rARN. S¢i nhiém sac (chromatin) chira cidc gen ribosom, hoan toan
khéng tao nucleosom. Céc trinh tu gen rARN duge bdo hru & mirc d6 cao & céc loai sinh
vit, chinh vi thé that khong la khi tim thiy ¢6 cac trinh tur chuyén biét cho timng loai phia
trudce cac diém xudt phat phién mi. '
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Céc rARN duge phién mi boi ARN polymerase I. Ban phién ma d4u tién 14 tién rARN
458 (pre-rARN), sau d6 cét ndi tao ra 3 loai 28S, 18S va 5,8S. Céc gen niy khéng phén tan
ma xép thanh cum, mdi cum c6 thé hon 200 ban sao. O ngudi, cac cum nhay nam trén vai
ngén cta cac nhidm séc thé tam dau 13, 14, 15, 21 va 22. Cac nhém nay xép quanh yéu 6
t4 chirc hach nhén hinh thanh eo thtr cip va & gian ky tao nén hach nhan. '
O déng vit cé v noi chung, ¢ khoang 200 ban sao ciia gen ma hoa cho rARN duge bb
tri lap lai lién tiép, gifra cac ving ma hoa cho TARN la vimg khong phién ma chira promoter
' va céc yéu t6 giup ting cudng tin sudt phién ma. Promoter ciia ARN polymerase I bao gdm
hai viing tach biét (ITinh 4.7-A). Promoter chinh (core promoter) nim quanh diém xuft phat,
trdi tir -45 dén +20 va du hidu qua dé khoi dAu phién ma. Promoter ndy gidu GC mdt cach
bét thudng, nhung trong d6 c6 mdt ving bao tdn ngén gidu AT ndm quanh vi tri xuét phat
goi la Inr. Tuy nthién, hoat ddng clia promoter chinh duge khuéch dai 1én nhidu 1dn nhey yéu
& ndm truée promoter (Upstream Promoter Element - UPE). UPE ciing gidu GC va nim
trong vung tir -180 dén -107.

ARN polymerase I cén hai yéu t6 phu tro. Yéu t6 gin 15i (goi la SL1 hay TIF-IB hay
Rib1 tiy theo loai), ciu tao tir 4 protein. Mdt trong cac protein ndy 14 TBP (TATA-Binding
Protein) giéng nhu & phién ma véi ARN polymerase II va IIL, tuy nhién né khong ghn vao
vung gidu GC, nhung cé [& tuong tac véi ARN polymerase 1, viée gin ADN do céc protein
khéc trong yéu t& gin 161 dam nhiém. Yéu t6 gfn 16i gitip polymerase I khéi déng & mire
co ban va gitip dinh vi ARN polymerase I chinh xac & vi tri xut phat. Dé phién ma manh,
ARN polymerase 1 cin yéu t8 UBF (Upsiream Binding Factor). Yéu t6 nay 13 mdt
polypeptid don gén vao vung glau GC cua UPE, giup kéo UPE vao gin promoter chinh va
gia ting su gin cia yéu td gan 161 vao promoter chinh din dén tang tin suét khoi dong
phién mi (Hinh 4.7-B).

A Gia Gia
u u
GC  Alnr

. Gen rARN

RS
) -180 -110 . -40 +1 +20 -

UPE ’ Promoter chinh

B

Yéu td gan 16i

ARN polymerase

Hinh 4.7. CAu truc promoter va sy kh&i dau phién ma cta ARN polymerase |
A: chu triic promoter cia ARN polyiierase T; BT 5 18p t4p cac yau t6 phién ma va ARN polymerase I
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O Xenopus laevis, c6 khodng 500 gen ma hoa cho rARN, ciing duge b tri lap lai lién tiép,
gifia cdc ving mé hoa cho TARN 1a vimg khéng phién ma chira nhidu ban sao lip lai cia
promoter va cac yéu t6 giup ting cuong tn suit phién ma (Hinh 4.8). Promoter thuc gbm
khoang 150 bp duoc tim thiy giira céc vi tri -146 va +6. Tuy nhién, cic ban sao chép hoan
chinh dat d6 dai ctia promoter nay duoc lap lai & céc vi tri -1.200 va -2.300 bp trong viing vé
tinh (ving khéng phién ma), va cai ¢4t nhidu ban sao 60 hodc 81 bp cua promoter thuc.
C#c ban sao lap lai 60/81 bp kich thich rét nhidu su phién ma ctia promoter thuc. Cac promoter
vé tinh nay c6 kha ning khoi dong qué trinh tdng hop cac ban mé sao rARN. Cac phin tir
_polymerase “xép hang” trong ving vé tinh trude khi chuyén ddng t6i promoter thye.

Piém bdt ddu sao mi

Pdu 3" clia Promoter vé Promoter vé
rARN 288 tinh tinh Promoter gen

l ‘L 60/81 bp lap lai ‘LGen 18S rtARN

C ] j ] ! ! ] —
-4000 -3000 - -2000 -10060 +1

l 60/81 bp lap lai

Hinh 4.8. Cac phén tir promoter trong ving vé tinh khéng phién‘ mé cha cac gen rARN
Xenopus laevis

4.4.4. Sy phién ma béi polymerase 11

Cac gen dudc phién ma bdi polymerase II dé tao ra mARN da dang hon nhiéu
so vi cac gen rARN dong nhit. :

Trit cac gen méi hoa cho protein histon, thi cac gen dudc phién ma boi ARN
polymerase II déu c6 trinh tu duy nhéat hoéc véi 6 it ban sao. Cac gen nay hiu
nhu chi ma hoa cho mét loai protein. _

Mét s6 gen 6 ban sao thit 2 trong qua trinh tién hoé. CA 2 ban sao c6 thé
chuyén déi b8 tr¢ nhau, nhu truong hgp cac gen o - globine. Cac gen mé hoa
protein nay bidu hién thudng xuyén § cac mb (gen gid nhé) v c6 thé chi biéu hién
& m6t md ndo ddy ctia co thé da bao (da phén 13 gen diéu hod) hoic didu hoa béi sy
c6 hay thiéu co chét riéng biét, nhu hormon hoic chét kich thich méi sinh. Cac gen
lién quan dén sy chuyé_n hoa galactose trong nim men 14 mt thi du..

Promoter ciia ARN polymerase I kha phitc tap va it cd diém chung nhu & t& bao nhan
nguyén thiy. Nhung néi chung co thé chia lam hai nhoém (Hinh 4.9): ¢6 hop TATA hay
khdng co. CAu trac chung cuia promoter gf")m 2 trinh tu: trinh tu tha nhét 1a vi tri xuft phat
t6 trinh tw chung Py2CAPyS5 (trong d6 A thudng 1a base +1) goi 1a trinh ty Inr, va trinh tu
thit hai & promoter nhém 1 ¢é hép TATA (hép Goldbere-Hogness) & vi tri -25 v6i trinh tw
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chung 12 TATAAAT, trong khi 6 nhém 2 khdng c¢6 hop TATA nhung cé yéu td promoter
xudi dong ‘(Downstream Promoter Element - DPE) c¢6 trinh tir chung la A/G G A/T CGTG
& vi tri tir +28 dén + 32. Ngoai ra, mot sb promoter v6i hép TATA c6 yéu t6 nhan dién B
(B Recognition Element - BRE) c6 trinh tir chung gdm 7 base 14 G/C G/C G/A CGCC nim
& vi tri -35, ngay trude hép TATA. Cac trinh tu nay 12 noi gén cta cac yéu td phién ma
(Hmh 4.9). , .

O t& bao nhan that, ARN polymerase II khong truc tiép gin vao promoter. Viéc nhan
dién promoter va khoi dong phién mé do céc yéu té phién mi dam nhiém, sau 6 ARN
polymerase méi gin vao vi tri xuft phat théng qua twong téc véi céc yéu td phién ma.
C6 hai nhém yéu t6 phién ma: yéu t6 phién ma chung, cin cho héau hét c4c gen & tt ca céc
loai té bao khac nhau va yéu t§ phién ma chuyén biét chi c6 & mét s6 té bao dugc biét héa.
Noi cach khac, cdc gen & t& bao nhan thét chi dugce biéu hién néu c6 su hién dién cia yéu
t6 phién mi thich hop. |

' Diém xufit phat
—
~ TATA : DPE

GIC GIC G/A CGCC_{ TATAAAT Jsss Ny +er[ PPCAPPPPP_[uss: Ny rene ATGG ATT CGTG |
‘ ‘ g TFID

% Promoter co TATA ----—-——>

<+——— Promoter khéng TATA ——
Hinh 4.9. Céu tric promoter ciia
ARN polymerase Il va cac yéu té phién mi chung c6 lién quan

Ngoai ra, mét sb trinh tu khac doi khi gip & cac gen cén gin protéin hoat héa dé biéu
hién mét cach diy di: hop CAAT (ndm céch vi tri phién'ma 80 bp), c6 trinh ty chung la
GGCAATCT va hop GC hay thay ddi vi tri, ¢6 trinh tu chung 12 GGGCCGGG. Ngudi ta
cho ring c4c trinh t chung nay cé chic ning lién két cac yéu td phién mé chuyén biét hon
la gz"'m truc tiép voi ARN polymerase II. Vi du, cac t& bao cia dong vat co va chira
1 protein goi 1a SP; ¢6 Mr 100 000, cin cho su phién mé cia cac gen co hdp GC trong
promoter. Céc trinh tu khéi dong khac nhau ndm rat gn véi didm bét dAu phién ma 1a cin
thiét, nhung thudmg vin khong du d& biéu hién céc gen ARN polymerase phién ma. C6 cac
phin tir duoc dua thém vao, goi 14 cac trinh tr ting cudong. Ching khéng cd kha ning khéi
ddng mdt minh, nhung lai ¢6 kha néing kich thich phién ma manh va cé thé tac dong & cac
khoang cach dang k& (dén vai kilobase). Trinh ty ting cudmg cé hidu qua nhu nhau d6i véi
céc gen cdu tric do chiing diéu hoa va ¢6 thé nam rét gin ddu 3°, 5° hodc nim ngay trong
mot cistron cha gen céu tric,
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Trinh tu ting cudng ludn thé hién tinh chuyén biét, do do khéng lign quan t6i vide
diéu hoa bidu hién gen trong qua trinh phat trién chung cia co thé. Vi du, trinh tir ting
cudng mién dich globulin chi hoat dong tfong B-lymphocyte. -

M@t trong nhing vi du vé hoat dong ting cudng duoc nghién ci trong diéu hoa phién
mi gen dap umg vo6i hormon steroid. Gién steroid vao thu thé protein tan trong nwéc, dé cho
phirc hop nay lai gén. vao céc trinh ty ting cuong lam gia tang hoat dong cac gen dap ng
steroid (Hinh 4.10).

Céc ban ma sao cia ARN polymerase Il déu 12 nhung ARN nhén khong dong nhét
(hnARN). Chiing c6 phén tir luong rat 16m (dén 10 kb), vi chira céc intron. Da phén c4c ban
ma sao déu chira trinh ty AAUAAA gbm 20 nucleotid tir dAu 3°. Trinh ty nay rit quan
trong vi: né duge nhén biét boi mot endonuclease dic hi€u dé cit ARN moi sinh khoi
_ polymerase 11 va né Ia d4u hidu duoc nhan biét boi enzym poly(A) polymerase nhim gin
_ dudi polyA.

T I - | —
Enhancer Promoter T

Phitc hgp hormone - receptor v

Pi€m xudt phdt
sao ma

( | ; L/ | |
Promoter | >

Téng hgp ARN

Enhancer di hoat hod
" Enhancer hoat hod kich
thich sy gdn cdc y€u t6

phién md vao promoter
Hinh 4.10. Hoat héa qua trinh phién ma cta cac gen dap dng hormon steroid (glucocorticoid}

4.4.5. Sy phién ma béi ARN polymerase III

ARN polymerase III chiu trach nhiém phién ma ra rARN 58, tARN va m{t sO
ARN nhd ctia nhan va ctia t& bao chit. Cac gen do ARN polymerase III phién méa
thudng chiia dudi 300 nucleotid. Gen 58 rARN khong chia intron, trong khi do,
nhiéu gen tARN chlia cac intron nhé. : e

—_—
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Promoter ciia ARN polymerase III dugc chia lam hai nhém va duoc nhin dién béi céc
nhém yéu t6 phién ma khac nhau. Promoter cua 5S TARN va tARN nim trong ving m3
héa (& vi tri tir +55 dén +80 bp) va khoi dong phién ma tai vi tri xuét phat phia truée né
mdt khoang nhét dinh. Promoter ctia sSnARN nim phia trude didm xuit phéat nhu thudng
thiy & cac promoter khéc. Trong ca hai trirong hop, promoter mang cac trinh ty dugc nhén
dién béi yéu t5 phién ma va ARN polymerase gén vao cac yéu t& phién mi nay.

Cac yéu t6 phién m3 cia ARN polymerase III gébm TFIIIA, TFIIB va TFIIC.
Trong do, TFIITA va TFIIIC Ja yéu td lip rap, ching gin v6i promoter trude dé giup
TFIIB gén vao ghn vi tri +1. ARN polymerase III sau d6 gén vao TFIIIB va bét ddu phién
ma. TFIIB co tiéu don vi TBP @ tuong tac voi ARN polymerase II1.

TFIIIA (mdt protein ¢ Mr 40 000) chuyén biét & noﬁn bao tham gia diéu hoa tbng
hop cac rARN 58S ciia noédn bao X, laevis. TFIIIA thudng gin vao rARN 58S tu do trong té
bao chét nodn bao hinh thanh nén phitc hop 7S ribonucleoprotein (7S RNP). Néu viéc tong
hop cac thanh phan khac ciia ribosom nhu céc ARN 288, 188, 5,8S va protein ribosom
dién ra cham hon qua trinh téng hop rARN 58, thi gin nhu tit ca TFIIIA da gan trong
phirc hop 78 RNP va do d6 khong con TFIIIA cho sw phién ma. Chinh vi vdy, su tdng hop
rARN 58 bi giam xubng cho dén khi TFIIIA duge giai phéng tr& lai. Do dd, su tong hop
rARN 58 no@in bao duoc diéu hoa dé dong bd véi viée tdng hop cac rARN con lai cén thiét
cho sy Ip rap thanh ribosom (Hinh 4.11).

+1 +50 +80 +120
—— (

5STARN
trong ribosome

Phitc hop 7S RNP chita 5S rARN va TFIIIA ngén
TFIIIA tham giaphien m@

Hinh 4.11. Kiém soat-qua-trinh téng-hop rARN-5S-noin bao X. laevis
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3’ S¢i don ARN virus 5"

s CUILTARN cia 18

7‘ bao chi Polymer héa dNTP
Primer '
3 ' 5

Thdy gidi chudi ARN

v o Bén sao sgi don
S 3 _ _ 3'  céia ARN (cADN)

Polymer héa dNTP

3 ' v 5°

M3i cho sy t6ng hdp sgi thit 2

Phéi hop vio bd gen ky chi _
Hinh 4.12. Sao chép ngwoc s¢i don ARN cda Retrovirus thanh soi kép ADN

4.5. PHIEN MA NGUQC O RETROVIRUS

Retrovirus I céc virus ma vat lidu di truyén cla ching la ARN, vi du virus
lam suy giam mién dich (HIV) gdy ra hoi chiing suy giam mién dich mic phai ¢
ngudi (AIDS). Su téng hop ADN tu khudn miu ARN dudc xiic tac bdi cic enzym
phién mi ngudc. Enzym nay bit ddu qua trinh phién ma bang cac dNTP nhu la
chéd't nén (Hmh 4.12). Khac v6i ARN polymerase, enzym phlen mé nguge phai
dung t6i mdi. Poan méi 1a mét tARN cla t& bao chl, gin k&t viao ddu 3 cua
retrovirus. Chudi kép dau tién la chubi lai ARN — ADN. ARN virus trong chudi lai
bi huy béi RNaseH. Sau d6, mét mach ADN vira dugc tong hgp dé tao ra chuéi kep
ADN. Chudi kép lai tich hgp vao ADN ky chu.

Enzym phién méa ngude cua HIV la mot protein goém 2 tiu ddn vi. Méi tidu
don vi chiia 560 acid amin. Enzym phién ma ngugc c6 mot val tro quan trong trong
viée téng hgp ADN bé sung (cADN) trong qua trinh didu khién gen. Sy tich hdp
cha virus vao bd gen té bao chu thuong dude o én dinh (cac provirus khéng bao gi¢ bi
cit rdi nhu prophage). Hién nay, nhiéu ngudl cho rang cac virus co the tac dong
dé&n su bidu hién cia cac gen ung thu, '
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Béng 4.4. Ma di truyén gém 64 codon

Vi tri thie Il o
Vi tri thiv | ' Vi tri thir Il

U Phe Ser Tyr Cys C
Leu Ser stop stop A A
Leu Ser stop Trp G
: Leu Pro His Arg u
c Leu Pro His Arg C
Leu Pro Gin | Arg A
. Leu Pro GIn Arg G
lle Thr Asn | Ser U
A lle | Thr Asn - Ber . C
lle Thr Lys Arg A
Met Thr . Lys Arg G
Val Ala Asp Gly u
G Val Ala Asp |. Gly c

val [ Ala | Glu Gly A
Val Ala Glu Gly G

4.6. MA DI TRUYEN

‘Nhu di biét, cac acid amin. trong phén tir protein duge ma héa bing nhém cac
nucleotid trén phan t¢ ADN. Cé tit ca 4 loai base, néu cac base c6 nhom dbi, tirc
2 nucleotid mé héa cho mét loai acid amin thi tit ca chi ¢6 16 t hop, k’h(“)ng da cho 20-loai
acid amin." Nhu véy, don vi mé héa hay con goi la codon phal gom 3 hay nhiédu
nucleotid hon. ' - '

Nam 1961, F. Crick d4 lam thi nghién chitng minh ring nhém nucleotid ma hoéa ¢6 3
hay néi cach khac codon gbm 3 nucleotid ké tiép nhau. T4t ca s& co 4° = 64 td hop. Bang
mi di truyén (Béng 4.4) cho thiy trong 64 codon ¢6 3 codon UAA UAG, UGA khdng ma
héa cho acid amin dugc go1 l4 codon v& nghia (non-sense), ddng thoi la codon ket thac
(stop) tirc 12 “du chdm c4u”, chdm dirt mach ponpeptld

M4 di truyén cé tinh “suy thoai” thrc mdt acid amin ¢6 nhidu codon mi hoéa, tru
methlomn va tryptophan chi ¢ mét codon.

Céc codon dbng ntha tirc 14 mé hoéa cho ciing mot a(ud amin thuorng chd 2 base dau
tién gidng nhau, nhung khac nhaii & nucleotidithiv 3, Vizdu: CCU, CCC, CCA va CCG déu
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mi hoa cho prolin. Trén thuc t& U va C [udn ludn twong dong nhau & vi tri thir-3, con A va
G tuong dong nhau trong 14 cia 16 trudng hop.

Trir mét sb ngoai 1&, ma di truyén co tinh phd bién cho tit ca sinh vat. -

Mbt codon chi md cho mdt loai acid amin, trudong hop ngoai 1€ 1a AUG vira mé hoéa

cho Met néi, vira ma hoéa cho acid amin m& diu N-formyl Methionin trong t& bao té bao
nhén nguyén thiy hodc methionin trong té bao nhan thét. -
Tém tdt: _

~ Qua trinh phién mi trong t& bio nhin _nguyén thuy va t& bao nhan that cé
mét vai chi tiét khac nhau dang ké. T& bao nhan nguyén thuy chi chiia mét loai
enzym nhdn ARN polymerase, ma khi tuong tac véi mét tiéu don vi didu hoa
(sigma) s& tao ra holoenzym quy dinh tinh dic hiéu ena promoter. Promoter gom 2
viing chia céc trinh tu ndm & trung tam — 10 va — 35 ké tit vi tri bit ddu phién mai.
Cac trinh ty nay tudng téac véi holoenzym ARN polymerase lam cho su phién ma
¢6 hidu qua va chinh xAc.

Nhén t&€ bao nhéan that chia 3 loat ARN polymerase khac nhau. Polymerase I
phién ma cac rARN; polymerase II phién ma céc gen mé hod protein; polymerase
III phién m& rARN 58, tARN va cdc ARN nhé khac. Cac promoter cua nhiing
nhém gen trén c6 khac biét dang ké. Cac gen dugc phién mé bdi polymerase II c6
trinh ty nhan biét ¢ ngay trong cic promoter ctia ching, nhung cling c6 nh1eu su
khac biét. Cac promoter thuéc ARN polymerase III khac thudng 13 ndm ngay
trong trmh tu cua gen dugc ph1en ma.

Khac véi cac promoter cua t& bao nhén nguyén thuy, cac promoter t& bao nhén
that khong 12 cac vi tri gin truc tiép ARN polymerase, ma thlic hién chiic ning két
dinh cac yéu 16 phién ma (protein) lam cho nhiém sac thé théo xodn, cho phep toan
b6 ARN polymerase x4m nhap vao. Ngoai ra, nhidu gen t& bao nhéan that cin duge
hoat hoa béi cac yeu to gan vao trlnh tu tang cu‘dng (enhancer element) trude khi
phién ma c¢6 hiéu qua.

M3 di truyén gém bd 3 cac base (codon) trong mARN. Chiing chuyen b1et cho
viéc két hop acid amin vao mach polypeptid. Ma dudc tinh theo chiéu 5 — 3 cua
mARN, lién tuc, phd quat va suy thoai, trong d6 nhidu loal acid amin duge quy
dinh béi 2 hodc nhiéu hon 1 codon ' :

CAU HOI
1. Khudén mAiu trong phién ma: _ - .
a) S¢i phién ma = S¢i khuén - d) Trinh ty ARN gidng s¢i khuén

¢) Soi khéng phién ma =8gikhudn ., ... | .
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Tiéu don vi o tich ra khot phtc hgp phién mi khi ARN mdéi sinh dat
chiéu dai:

a) 4 base b) 6 base
c) 8 base B d) 10 base
e} 12 base

Vi sao ARN polymerase khéng cin cé hoat tinh sta sai?
a) Nucleotid ké&t hgp khéng ding duge thay thé ngay

b) Sai s6t hi€m hoi khéng di truyén dude

¢) ARN khéng phai 14 ndi luu trit théng tin di truyén

d) 'ARN khéng tao ra chinh né |

eya, b, c

ARN polymerase & prokaryote 12 mdt holoenzym ch11a céc tiéu don vi:
a) aoppo : o b) aa'Bpo

c) aapp'c d) aa'Bp'c

e) ao’'Bp'c’

O E. coli, promoter gdm céc ving:

a) Viing TATAAT b) Hép TATA

¢) Vung TTGACA d) Viang —-35

e) T4t ca

Chiic ning quan trong cfia hép —10 va hdp —35 duge phat hién nho dét bién:

a) M4t base

b) Thay base nay bing base khac

¢) Thém base

d) Péo vi tri mét cép base

e)a,c

Sy kién khong dung véi hién tugng phién ma ngude:

a) Can mbi-

b) Poan mbi 1a tARN cta t&€ bao chu

¢) Doan mdi 13 ARN do primase téng hgp

d) Doan méi gén vao diu 3’ clia Retrovirus -

e) ARN virus trong chudi lai bj phan huy bdi RNaseH

Dic diém nao khéng thudc sy phién ma & t&€ bao nhan that? "

a) mARN chiia théng tin mét gen '

b) D4u 5 mARN c6 gén chép 7 — Methylguanosine

¢) Ban phién mi d4u tién (pre - mARN) dugc st dung ngay cho viée tong
~ hgp protein

d) C6 thém dudi polyA dai 100 — 200 nucleotid

e) Cé 3 loai ARN polymerase I, [1va [il



10.

Acid amin nao chi ¢6 mft codon?

a) Leucin b) Methionin
¢) Tryptophan d) Alanin
e)bvac '

Tinh chit nao khéng phai ctia mé di truyén?

a) Coé ngoai lé _

b) M6t chiéu, khéng chéng 1én nhau

¢) Phé bién & moi sinh vat 1a ma bd 3

d) P#c hiéu, m6t codon chi m# hoi cho mét loai acid amin
e) Suy thoai, nhiu bd ba ma hoa cho mét loai acid amin
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 Bai5
QUA TRINH DICH MA

| MUC TIEU

— M té dudc co ché dich ma di truyén.

- Phan bigt duge qud trink dich m@ & # bao nhan thdt va € bao nhdn
nguyén thuy.

— Ap dung Dua voo co ché khde nhau nay gidi thich duge tdc dong chon lpe clia
khang sinh.

— M6 té duge cdch thize ddm bdo sy chinh xdc cia qud trinh téng hop protein.

5.1. MG DAU

Giai doan cudi ctia su bidu hién gen xay ra khi théng tin dugc ma hoa béng trinh tu
nucleotid trén mARN duge dich md thanh trinh tir acid amin twong tmng trong chudi
polypeptid. Qua trinh nay dugc goi 14 qua trinh dich méi. Mic du, vé co ban tién trinh dich
m3 xay ra nhu nhau & moi sinh vat, nhung vén ¢6 nhimg chi tiét khac nhau giita té bao vi
khuén va té bao nhéan that. Nhin chung, qué trinh nay & té bao nhén that phirc tap hon. Phin
16m qué trinh tdng hop protein xay ra trong té bao chit. M6t sé bao quan cia t& bao nhan
that ciing co bd may di truyén riéng (luc lap, ty thé) va cling co kha nang tbng hop dugc
protein méd hoa boi chung. B6 may dich mi cha cac bao quan nay gibng té bao nhén
nguyén thiiy hon 13 té bao nhan that.

5.2. GAC YEU TO CAN THIET CHO QUA TRINH DICH MA

5.2.1. Ribosom-

Ribosom 14 xudng téng hop protein cia t& bao. Tuy ¢é sy khac nhau trong ciu
tao va kich thuéc giiia cac gidi sinh vét, nhung déu gdm 2 tidu don vi. Va chi ¢6 céc
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ribosom hoan chinh, gém mét tiéu don vi 16n va mét tiéu don vi nhé méi c6 da kha
ning dich md mARN. _ o

Khi khong thuc hién téng hop protein, mbi tidu don vi tdn tai téch rdi trong t&
bao chat (Hinh 5.1). Tidu don vi 1n ctia t& bao nhan nguyén thuy gém 2 phén tu
rARN va 35 phan ti protein, tiéu don vi nhé c¢é 1 phan ti rARN va khoang 20
phén ti protein. rARN c6 cfu tritc khéng gian phiic tap do nhi€u doan bét cap véi
nhau nhd ¢6 trinh ty nucleotid b8 sung.

(.t& bao nhan nguyén thuy, diu 5 ciia mARN gén trudc tién vao tiéu don vi
nhd va lic d6 6 kha ning gén thém vao tiéu don vi 16n. Khi don vi 16n gén xong
thi su dich ma bét dau.

Vi t& bao nhan nguyén thuy khéng c6 mang nhén, qua trinh phién ma dién ra
trong t& bao chat, cac ribosom c6 kha ning gin vio mARN dang duge phién mé va
dich ma tao ra protein trong khi ARN polymerase vin tiép tuc phién ma ti ADN.

©® Acidaminl

(@

...............

® Acid amin 2

(b)

Codon xudt phét Codon thi 2 :

Hinh 5.1.Céc tiéu.don vi ribosom.va su dich ma
(a) 2 tiéu don vi ribosom vdi mARN] (b)\su dieh ma cha ribosom
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& ca t& bao nhan nguyén thuy 14n t& bao nhan that, khi ribosom d4u tién dich
méa mARN dudc mét doan, thi cac ribosom khéc c6 thé géin vao phia trude dé dich
ma. Do d6, cac ribosom x&p thanh chudi trén mARN tao nén ciu trac polyribosom
hay con goi 14 polysome (Hinh 5.2). Khoang 15— 20 ribosom ¢6 thé gin cung hic
trén mARN. Nhd vay, téc 6 téng hop protein ting nhanh dang ké. . :

Hinh 5.2. Polyribosom

5.2.2. ARN théng tin

Céu triic cia mARN dién hinh dwoc minh hoa &. Thong tin di truyén 1a mot trinh tur
lién tuc cua cac base nucleotid. Trinh ty trong ving mé hoa ciia mARN chira cac codon
quy dinh trinh ty acid amin ctia protein. Trinh tu nay duoc doc theo hudng 5° dén 3°
trén mARN dugc md diu bing mét codon mé dau (thuong 1a AUG). Két thic 1a mot
trong cac codon két thic (UAA, UGA, hoic UAG). Do mi di truyén duogce doc theo bd
ba nén dbdi vsi mdi trinh tv mARN, ¢6 3 cach doc khic nhau, tiuc cé
3 khung doc (Open Reading Frame - ORF) va do d6 co thé dugc dich thanh 3

- polypeptid hoan toan khac nhau tay theo viéc lya chon b ba khéi diu. Diéu nay ciing

giai thich ly do céc dét bién mét base hay chén base c¢6 thé ddn dén.viéc ma hoa cho cac
polypeptid khac nhau. ' '

Phan tr mARN chdm dirt tai mét trinh ty khéng ma héa. Va ciing co-mot ving
khong ma hoa & diu 5°dugc goi 14 trinh ty din bao gdm mét trinh tw gén ribosom & té
bao nhan nguyén thiy. Céc trinh tu din ddu 5° rit khac nhau vé do dai trong cac loai
mARN khac nhau, nhung nhin chung, & t& bao nhan that déu dai hon & té bao nhin
nguyén thiy. Cée trinh tu 3° va 5° khong ma hoa con duoc g01 la cac vung khéng dich
méa (UTR}.
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(a) Khung dich m Khung dich -

1 (ORF) ma 2 (ORF)
—_ A
Ving mi hod, Vimg m3 hod,
cistron 1 cistron 2
s | 1] 11| 1} 1} | 2
5 | | 1 | |3
S ) S S
T T T T
A O A O
R P R P
T T
e b
ving 5’ Vung xen giifa Ving 3 khong
~ khong dich khong dich mi dich ma (UTR)
mé (UTR) o (UTR)
® ' Khung dich
ma (ORF)
'
3" 7- methyl | g memEbR ) AAAAAAAA S
guanosine ® ; é :
' T T
A 0
R P
T
4 | - i —
Chop 5° Vimng 5" khong : V.ilng 3’ khong Budi .
dich ma (UTR) _ dich ma (UTR) poly A

Hinh 5.3. Cac ¢4u trac chi tiét cia cac phan tir mARN

) (a) mARN vi Kkhudn c6 chira 2 cistron; (b) monocisiron mARN té bao nhan thit 7
Ngoai céc trinh tir khong ma héa & diu 5" va 3’, céc mARN t€ bao chét & bao nhan
that ¢o gan thém “chop” (CAP) 7-methyl Guanosine Triphosphat & dau 5° (Hinh 5.4).
Dic didm nay lién quan dén sy tuong tac gita mARN-va ribosom. Céc trinh tu khéng dich
i & diu 3’ c6 chidu dai rét khac nhau.-Hau hét cac phn tir mARN t€ bao nhan that & dau
3* ¢6 thém dudi 100-200 Adenin, sau khi phién ma. Duéi polyA déng val tr0 quan trong
trong viéc bao v& mARN khoi bi thay giai cia exonuclease, lam tang do bén ciia mARN
trong t& bao chit. Trong qua trinh dich md, dubi polyA duoc géan cac protein gin dudi va
qua d6 tuong tac voi cac yéu tb & diu 5° 38 mARN c6 ciu trac vong, giup tai st dung
ribosom nhanh hon. mARN vi khuén va mét vai logi' mARN & t€ bao nhén that nhu histon-

mARN khong c6 dudi polyA. — ' » 1 Fo
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5’

H,N N 4 4 Thuang bi
[ o methyl hod
Liénkér5 - 5 /
7- Methyl Guanosine 0 _}!.v_o' __CH. Base 2
4 C6 thé bi
o methyl hod
1
; CHy

Hinh 5.4. C&u trac chép (CAP) clla t& bao nhan thaf u
5.2.3. ARN van chuyén va cac enzym tong hgp aminoacy - ItARN

Cac ARN véan chuyén hoat déng nhu mét chét két ndi giita théng tin base-nucleotid
cia mARN véi trinh ty acid amin c@ia phin tir protein tuong ing. Do d6, cic tARN phai
duogc nhén biét chuyén biét déng thoi bdi mARN va boi enzym gén acid amin vao tARN
tuong Umg (enzym aminoacyl-tARN synthetase). Diéu nay giup giai quyét tré ngai khong
gian trong qua trinh dich mi. Kich thudc cia codon 16n hon nhiéu so véi acid a:min, nén
néu mdt acid amin nhén biét va gin truc tiép 1én mot codon trén mARN thi né s€ cach xa
voi acid amin trong mg véi codon ké cén dé hinh thanh lién két peptid.

Hau hét cac loai ddu ¢6 20 loai Aminoacyl-tARN synthetase tuong (ng véi 20 loai
acid amin. Bo la Alanyl-tARN synthetase, Arginyl-tARN synthetase, Asparaginyl-tARN
synthetase, ... Nhung mot s& vi khudn (vi du Helicobacter pylori) khéng c6 Glutaminyl-
tARN synthetase dé aminoacyl héa tARNS". - Trong truong hop nay, Glutamat-tARN
synthetase dugc ding dé aminoacyl héa tARN®™ véi Glutamate va sau d6 mot enzym
khéc s& chuyén glutamat trén glutamat-tARN®" thanh Glutamin. Pidu nay cho thiy
Aminoacyl-tARN synthetase khéng bao gi gén 2 acid amin khac nhau 1én cling médt
loai tARN. _ .

-Mic du, ¢cé the cd t6i mot vai loai tARN khéc nhau cho mbi mot loai acid amin
(48 gidi mi cac codon khac nhau tuong Ung véi acid amin d6), nhung chi c¢6 mot
aminoacyl-tARN synthetase cho mdi loai acid amin. Enzym aminoacyl-tARN synthetase
phai phui hop va chon dung tARN: céc tARN dugc nhan dién b&i mdt synthetase thi duge
goi 1a tARN cung ho (cognate tARN), céc loai tARN lién quan dén cung mot acid amin thi
duoc goi 1 tARN dbng nhan (isoaccepting tARN). Mot s loai c6 s& tARN nhidu hon sé
codon (vi du E. coli c6 86 tARN), nghialaco nhidn tARN eling giai méd cho mét cpdon._
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€6 hon mét codon trong mé di truyén cho timg loai acid amin, ngoai trir methionin va
tryptophan. Nhitng codon ddng nghia (synonym) ndy thudng lién quan dén cac tARN khac
nhau. Cac tARN lai ¢6 trinh ty d6i ma (anticodon) khac nhau. Thi dy, trong trudng hop cta
serin, mac di ¢6 t6i 6 codon (UCU, UCC, UCG, UCA, AGU, AGC) déu co y nghTa nhu
nhau, nhung khong phai tit ca déu duogc sir dung thudmg xuyén nhu nhau. Thét vay, dbéi
v&i mot loai chi c6 mot vai codon cho mdt acid amin duge sir dung va cé mdt vai phan tir
tARN cho méi codon trong té béo. Hién tuong nay dugc goi la su dj biét codon va day la
dlem khac nhau quan trong gitta loai ndy va loai khac ‘ '

Trong mét sé truomg hop, tARN mang 1 d6i ma nhung c6 thé gidi ma cho nhi’é“:u_coddn
khac nhau, khi d6 d6i ma chi bt bd sung véi hai vi tri déu tién ctia codon trén mARN.
Piéu nay ciing 1¥ giai vi sao cac codon ddng nghia thudmg chi khdc nhau & nucleotid cudi.
Do d6, mic du ¢6 61 codon cé nghia nhung trong té bao chi ¢6 khoang 31 dén 50 loai
tARN khéc nhau. Vi du, & ngudi cé gan 500 gen mi héa cho tARN nhung chi mang 48
loai d6i ma khéc nhau. :

Trong qua trinh dich mé, ribosom khéng c6 kha ning xic dinh tARN c6 gén dung véi
acid amin twong img hay khong, né chi don thudn dAm bao sy an khép gitia codon trén
mARN va anticodon trén tARN, néu khép thi acid amin trén tARN du dung hay sai déu
duoe ndi vao chudi polypeptid. Do d6, budc aminoacyl hoéa phai chinh x4c. Béi vi, néu
mdt tARN chip nhan mét acid amin sai din dén viéc gén acid amin khong dang vao
protein va s& khéng c6 “budc doc sifa sai” theo sau buéc aminoacyl héa. Buée doc stra sai
chi dugc thuc hi¢n & giai doan aminoacyl héa boi chinh enzym aminoacyl-tARN
_synthetase Nhur vdy, qua trinh aminoacyl hoéa cung Iic thire hién 2 chire nang Trudce tién,
né cung cap sur lién he duy nhit-cia m3 di truyén (dwa vao acid nuclelc) va cu triic protein
(véi céc acid amin). Tiép dén, né hoat héa acid amin truéc khi két ndi vao protein. Lién két
ester aminoacyl giita acid amin va tARN du trit mdt nang luong ty do twong dbi cao, ning
luong ndy rt can thit cho viéc hinh thanh lién két peptid trong qué trinh dich ma.

Tinh chinh xéc ciia bude aminoacyl héa tARN dirgc dam bao qua hai vong: nhén dién
" chinh xac acid amin va nhén dién chinh x4c tARN ciing ho:

- Ammoacyl-tARN synthetase nhén dién chinh xac acid amin nho vao su khac biét vé
kich thuéc, hinh dang, dién tich hay nhom chitc héa hec clia né. Ngoai ra, mot 56
aminoacyl-tARN synthetase c6 vj tri stra 18i trong cdu triic enzym d& loai bo cac acid amin
khdng dugc hoat héa ding. Tén sudt sai sb chung cia viée nhin dién acid amin véo khoang
0,01%. .

- Ammoacyl -tARN synthetase nhan dién duge céc tARN cung ho nhé vao viéc nhin
dién nhanh gén acid amin trén tARN, dic biét 1a base quyét dinh nim trong nhanh nay, bén
canh d6 viéc nhin dién vong anticodon-ciing-gép-phin-vio viéelua chon tARN ciia enzym.
Bén than anticodon trén vong anticodon ciing #6p/phati-vap viée nhan dién nhung khéng
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c6 tinh quyét dinh vi c6 thé c6 nhiéu anticodon hoan toan khéc nhau twong ¥mg cho mdt
acid amin. 7
5.2.3.1. Gin acid amin vao tARN bdng phdr itng aminoacy! héa
Qua trinh aminoacyl hoa xay ra theo 2 budc:
| Hinh thanh aminoacyl—adenylaie' hoat héa:

Acid amin phan img véi ATP c6 eniym xvic tic dé tao thanh aminoacyl adenylate héat
hoéa. Pyrophosphat tao ra bi thity giai thanh 2 phén tir phosphat v6 co. Phan ing nay tao ra
mot niang lugng thay giai tw do tuwong d6i cao, day phan vmg theo chiéu tao aminoacyl-
AMP trung gian:

| H O
ATP + Acid amin '——>E Aminoacyl -AMP +PP —2 3y 2P
Aminoacyl tARN '
synthetase

Hinh thanh aminoacyl-tARN: . 7
Arriinoacyl-AMP duogc chuyén 161 phén tir tARN tuong (mg bing synthetase:
Aminoacyl - AMP + tARN —————> Aminoacyl -tARN + AMP

Aminoacyl - tARN
Synthetase

Hinh 5.5. Aminoacyl héa tARN Céac tARN va codon khdi déu_
5.2.3.2. Cic tARN va condom khéi diu
Trinh tu ma cia phan tr mARN dugce khoi diu v&i codon AUG, mac di & vi khudn con
¢6 codon GUG duoc str dung cho mdt sb mARN (khoang 4% trinh tw c6 GUG khéi diu da
duoc biét). R4t hiém khi cac codon khac (AUU, UUG) hoat dong nhu codon khéi dau.
Déu hiéu khoi ddu 1a codon AUG, ciing 1a codon mé hoéa cho methionin (Met).
Mic d, chi c6 mdt codon méi héa cho Met, nhung trong t& bao chét lai hién dién 2 loai
tARN c6 kha ning mang Met dénkéthop véi codon dé: |
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1. tARNm™® két hop v6i codon AUG nim gitta phan tir mARN, c6 nhiém vu gin Met
vao chudi polypeptid dang hinh thanh.

2. tARNiM® két hop véi codon AUG khot dong, mang Met mé d4u vao ribosom trong
qud trinh khéi dau dich ma.

G vi khudn, tARN™* khoi déu khong van chuyén methionin ma vén chuyen N-
formyl-methionin (fMet), do do tARN nay dugc goi la tARNM! (Hinh 5.6).

H—& /H
NH- l’?l
H—C—CCQOH H—C—COOH
(cl'fHa]z {?Helz
T i
cHa CH 3 .
Kathionine . N-Formyimathionine

Hinh 5.6. N-formyl-methionin

Sy thng hop tt ca protein & vi khuin déu bit dhu bang formyl-methionin, mic du
nhém formyl, cling nhu methionin d4u tién, thuong bi loai bo sau khi tdng hop xong phén
tir protein. Vi du, & £. coli, chi ¢6 45% cic protein hoan chinh bét dau bang methionin.
Mic du codon khdi ddu khéng phai AUG (GUG ching han) vin duoc giai ma bai fMet-
tARNfY, Phan tir tARN lién quan téi codon AUG bén trong mARN lam nhiém vu vén
chuyén methionin duoc viét tit 2 tARNm™,

O t& bao nhéan tha_lt, ¢6 cac tARN chuyén biét cho cic codon AUG khéi d4u va AUG
bén trong mARN, nhitng tARNM md& d4u chi van chuyén methionin khoi déu duoc goi 1a
tARNIM® va tARNm™® cho cac codon AUG bén trong (Bang 5.1).

Béng 5.1. Cac codon khoi dAu va tARN khoi dhu

Vi khuén Té bao nhén that
Codon kh&i dau AUG (GUG) ‘ AUG
tARN khoi dau | ' tARNT tARNI
Acid amin duoc van chuyén N-formyl-methionin Methionin

'5.2.4. Cac yéu t dich m3
Nhiéu protein va enzym tham gia qué trinh dich ma dé dam bao su 18p rap chinh xac
bd may dich ma va sy chinh xéc cac buéc dich ma. Cac yéu 16 nay dugc chia lam yéu 8
khoi dau, noi dai va két thic.

5.3. DIEN BIEN DICH MA & RIBOSOM (CHU TRINH RIBOSOM)
Qua trinh dich mad mARN dudc mé ta trong Hinh 5.7, bao gbm cac giai doan:
khdi diu, ndi dai va két thic. :
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5.3.1. Khdi dau

Giai doan khdi dau, co su tham gia cla 2 tidu don v vi ctia rlbosom mét phén ti
mARN (dudge sép thing hang véi ribosom) va tARN khéi ddu mang methionin hoac
formyl — methionin & t& bao nhan nguyén thuy (Bang 5.2). Va cic yéu t8 khdi ddu
nhu IF,, IF, IF, & vi khugn va 10 y&u t5 eIF (IF clia t& bao nhén that) nhu eIF;,
elF,, eIF3, elF - 4A, eIF — 4B... & t& bao nhan that (Bang 5. 2)

8i tid md
Clivdi peptid mdi sinh Protein hoan

40 J J \ oA chinh

3

Giai do7h T Giai doan
kéo dai g . kétthic -

BPdn vi
phén nhd

5

Giai doan
khdi ddu

-_-]W:b-i

Tiéu don vi
ribosom Jém

mARN |

Tiéu don vi
ribosom nho IF3

Phire khéi ddu 308

IF1

IF2

©®006

1F3

Phirc khai diu 708

Hinh 5.8_Swkh&i dau dich ma o vi Khgan
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5.3.1.1. Khéi ddu chudi peptid 6 té' bao nhédn nguyén thuy

Pic trung cia sy khoi diu chudi peptid & vi khudn 14 sy tuong téc tryc tiép gitta
mARN va rARN cia tidu don vi nho 30S. Su twong tic ndy din dén viéc gan mARN vao
ribosom va quan trong hon, 12 nhén dién duoc codon khdi ddu cua trinh ty mARN.
Cac mARN vi khun ¢6 chira mot trinh ti & gén ribosom (ribosom binding site-rbs) & dau
5° kh4 ngin, bao gdm trinh tr polypurin ngin c6 thé bd sung v6i mot trinh tu gidu
pyrimidin & tdn cing 3° cha rARN 168. Shine va Dalgarno cho ting viéc ghép d6i base
gifta céc trinh tw nay c6 thé 14 co ché 1am cho ribosom ciia vi khudn hudng t&i ding codon
khoi ddu ciia mARN. Do dé, ngudi ta goi trinh t ngén nay 12 trinh tw Shine-Dalgarno.

Su khoi diu chubi peptid & vi khuén bao gdm sy nhén dién trinh ty Shine-Dalgarno,
nim gin-codon khdi diu cia trinh tw ma héa mARN. Do d6, sy khéi dau dich ma khong
nhit thiét bét ddu tir du 5° ciia mARN., Ding vy, cdc mARN t€ bao nhan nguyén thiy c6
chira t&1 vai viing mé héa, ding hon 1a vi khuén thuong c6 polycistron mARN, mdi cistron

“¢6 vi tri gén ribosom va codon khéi déu riéng. Vi du mARN mang mi cho 3 Joai protein
khac nhau & /ac operon.

Khoi ddu dich mé & t& bao nhan nguyén thiy bit diu véi tiéu don vi 308 va dugce xic
tac boi cac yéu t6 khai dau IF1, IF2 va IF3.

— IF1 ngin khéng cho aminoacyl-tARN gén vao vi trf s& tro thanh vi trf A ciia ribosom
hoan chinh. '

—JF2 1a mdt GTPase (protein gén va thity phan GTP). IF2 twong tac voi 3 thanh phin
cita bd méy khoi diu 12 tiéu don vi 308, TF1 va Met-tRNAF™, do do gitup fMet-tRNA
gén vao tiéu dom vi 308 tai vi tri P va ngin cic aminoacyl-tARN khac gén vio.

— IF3 gén vao tiéu don vi 30S va ngin no tai hop v6i tiéu don vi 508 hay gén véi
aminoacyl-tARN khac. Cin luu y 12 sy khoi dau dich mé cén tiéu don vi 30S tw do, do d6
IF3 s& ghn véi tiéu don vi 308 khi két thic qua trinh dich ma dé€ gitip tach ribosom thanh
cac tidu don vi riéng biét.

Tién trinh khéi dAu gém c4c bude (Hinh 5.8):

1. IF3 gén vao tiéu don vi nho tai vi tri E.

2. IF1 gén vao tiéu don vi nho tai vi tri A. IF2 (c6 hoat tinh GTPase) gan vao IFI va
chdm qua vi tri P dé c6 thé tiép xvc véi tARNFM, _

3. Tiéu don vi nho cia ribosom gin mARN nh& bit cip base giita vi tri gan ribosom
(rbs) trén mARN v&i rARN 168 sao cho codon khéi d4u ndm tai vi trf P. tARNM gén vao
tidu don vi nho tai vi tri P nhd su tro gitip caa IF2. Su gin clia ca hai ARN (rnARN va
tARNFY™) vao rlbosom c6 thé xay-ra theo thirpy bit ki vaddc 14p voi nhaw.
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4. Khi codon khoi du bét cap dang voi anticodon trén tARNfM, tiéu don vi nho thay
d8i cu hinh 1am cho IF3 khéng gin dirge va bi phéng thich. Khi khéng c6 IF3, tiéu don vi
16n méi gan vao tiéu don vi nho,

5. Su gén tiéu don vi lon kich hoat GTPase (trén IF2-GTP) thiy giai GTP thanh GDP.
IF2-GDP ¢6 ai Iyc yéu véi ribosom va tARNfY™ din dén phong thich IF2-GDP va IF1
khoi ribosom va giai phéng vi tri A dé tiép nhin cic tARN di hoat hoa khac cho giai doan
ndi dai.

Béng 5.2. Cac yéu té kh&i dau cha té bao nhan nguyén thiy va té bao nhan that va
chirc nang cuaa ching

Yéu to & vi khuan | Yéu td & té bao nhén Chirc néhg
thét
IF-1 elF-1A Ngan khéng cho aminoacyl-tARN thwéng gan
vao vitri A
IF-2 elF-2 Gigp dinh vi Met-tARNi (hoac fiMlet-tARN) vao
vi tri P. elF-2 gén truec tiép véi Met-tARN.
IF-3 elF-3 Ngdn cén sy két hop cla cac tiéu don vi
ribosom
elF-4F (elF-4E, Nhoém yéu t6 gan vao chép 5 clia mARN va
elF-4G, eiF-4A) thao xoan cau tric bac 2 tao diéu kién cho
oIF4B ribosom gén vao va quét tim codon khéi dau
elF-58 Gilp phirc elF2-GTP/RNAI™ gan vao
ribosom.
Gidi phong cac yéu to khai dong khdi ribosom
sau khi gén tiéu don vi lon

5.3.1.2. Khéi diu chubi peptid ¢ t¢ bao nhin thit

Qua trinh khoi ddu & chudi peptid & té bao nhan that phire tap hO’n v ¢6 nhidu diém
khac biét véi té bao nhan nguyén thity. Trong khi, & E. coli chi ¢6 3 yéu té khoi dau thi & té
bao nhén thét ¢6 161 10. Cac khac biét cha yéu trong cach thirc gin két mARN va x4c dinh
codon khoi dau.

Trinh tu din mARN té bao nhan thit khong duge xem nhy trinh ty Shine-Dalgarno &
t€ bao nhan nguyén thity. Piu tan cing 3’ cia rARN 18S (twong duong v6i rARN 168 & vi
khuén) khéng cé trinh ty gidu pyrimidin. V4 mARN ¢ té bao nhin that 12 monocistron,
chiing chi chira mét trinh tw ma hoa va khéi dau.

Marilyn Kozak d4 dé xuit mé hinh “quét” dé nhan dién codon khoi ddu & & bao nhén
thét. Tru6c tién tiéu don vi nho 408 cia ribosom gin vao diu tén cing 5° cia mARN, sau
d6 di chuyén doc theo mARN t6i khi gap codon khoi diu AUG. Ning luong cho su di
chuyén 14y tir sy thuy phan ATP va su tuong téc khéi du véi mARN c6 thé lén quan 16
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cdu triic chép 5° (CAP). Codon AUG c¢6 thé chi 1a codon ma héa binh thuémg nhimg ciing
c6 thé 1a codon khoi du, néu né duoc dinh vi trong mét “ngit canh” dung. Ngir canh biét
t1 nhidu nhit duogce trinh bay & (Hinh 5.9), do Kozak phat hién, do d6 con dugce goi 1a trinh
tur Kozak.

5 @ @ @ € [ AU GG ¥
G

Hinh 5.9. Ngiv canh nhan di(a.n codon kh&i dau
Nhimg nucleotid viét ddm 12 nhimg nucleotid quan trong trong trinh tu chung.
Tiéu don vi 40S s& bo qua codon AUG binh thudmg cho dén khi dinh vi tai codon
AUG khoi diu ndm trong ngir canh tt. 95% cac truomg hop khéi ddu & té bao nhén that
x4y ra tai codon khéi ddu AUG, hau nhu khong diing t¢i GUG.

Phirc tién
khoi ddu 438 ,
Hinh 5.10. Ca¢ bwéc chuan hikhoi dau & té bao nhan that
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Hinh 5.11. Binh vi codon khéi dau va hoan tit khéi dau & té bao nhén that

Nhin chung qua trinh khoi dAu dich ma & té bao nhan thét phirc tap hon rdt nhiéu so
v4i té bao nhan nguyén thiy va ¢6 hon 30 peptid tham gia. Tién trinh khoi ddu dich mi &
t& bao nhén that dién ra nhu sau (Hinh 5.10 va Hinh 5.11): ‘

1. Chuén bi tidu don vi 40S (Hinh 5.10):

a) elF1A va eIF3 gén vao tiéu don vi nho tai vi tri A va E.

b) eIF1A giup elF5B-GTP gin vao tidu don vi nho.

c) elF5B-GTP gitp phic elF2-GTP voi tRNAIM gén vao, elF5SB-GTP va elF2-GTP
dinh vi t(RNAIM* vao vi tri P,

2. Chuén bi mARN (Hinh 5.10):

a) elF4E gin vao chop 5° ciia mARN, gitip eIF4A va elF4G gén vao mARN, 3 protein
nay tao thanh eIF4F hoan chinh.

b) elF4B dugc gin tiép vao va hoat hoa hoat tinh helicase trén elF4F d& loai bo chu
truc bac 2 & ddu 57 ciia mARN.

3. eIF4F/B gitip tiéu don vi nho da gin tARNIM® tiép xtic véi mARN tir phia chop 5’
nhd tuong tac giita eIF4F va eIF3. Tidu don vi nhd trugt trén mARN theo hudng 5°—3’
dén khi codon khéi diu AUG vao dung vi tri P. Su trugt clia mARN xay ra phy thugc ATP
nhd hoat tinh helicase trong eIF4F. Viéc nhan dién codon khdi dAu lién quan dén ngi"i canh
ctia trinh ty Kozak nhu da néi & trén. & dy cin luu ¥ sw khéc biét véi té bao nhan nguyén
thuy: viéc gin mARN Vao ribosom ludn dlen ra sau khi ribosom di gan tARNIM,
(Hinh 5. 11)
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4. Sy bt cip chinh x4c giita anticodon ciia {RNAM® va AUG dan dén phéng thich
eIF2 v cIE3. M4t eIF2 va elF3 tao didu kién cho tiéu don vi lén gin vao tiéu don vi nhd.
{Hinh 5.11).

5. Sy gin tiéu don vi lon din dén su phong thich cac yéu tb khoi ddu con lai do kich
thich thity giai GTP nhd eIF5B. (Hinh 5.11). '

5.3.2. N6i dai : _

Qué trinh dich mA trén mARN dugc thuc hién theo hudng 5° — 3” va chudi polypeptid
duoc bit ddu tbng hop & dAu tan cing -N. Qua trinh nay tuong dbi gibng nhau & t& bao
nhan nguyén thiry va té bao nhén tht, ca v& co ché 13n cac yéu tb tham gia.

Su nbi dii 12 mdt qué trinh c6 chu ky, mbi chu ky gidi ma mdt codon va thém mdt acid
amin viio chudi polypeptid méi sinh. Su néi dai cin dén cac protein, dugc goi 1a cac yéu tb
néi dai (EF). O vi khuan, c4c yéu 16 nay la EF-Tu, EF-Ts va EF-G con & té bao nhan that 1a
EF-1a (twong tmg EF-Tu) va EF-2 (tvong duong EF-G) (O diém khoi ddu méi chu ky ndi
dai, chi co vitri P bi chiém chd bing mét peptidyl-tARN chira chubi polypeptid méi sinh
gén véi tARN mang acid amin vira duge thém vao. Peptid dugc gén vao tARN theo cing
mdt cach nhu acid amin, bang nhém 3’-hydroxyl & vi tri két thuc CCA ciua tARN),
(Bang 5.3).

Trén ribosom ¢6 2 vi tri A vaP. Vitrf A la vi tri Aminocyl (hodc Acceptor), va vitri P
14 vi tri peptidyl, néi giir phirc hop peptidyl-tARN, tirc la chudi polypeptid dang hinh thanh
vén con gin vo6i tARN trude do. '

Bang 5.3. Cac yéu t6 néi dai

Nhan nguyén thay Nhan that Chirc nang
e | e
Mr = 43 000 Mr = 53 000 T ' el
( ) ( 3 ) aminoacy!-tARN).
EF-Ts EF-1By Tai hoi EF-Tu hodc EF-1a (Hinh 5.13).
(Mr = 30 000) (Mr = 50/38 000)
EF-G - EF-2 Tham gia vao buéc chuyeén vi cla chu k néi dai.
(Mr = 77 000) (Mr = 100 000) '

Khi bit ddu ndi dai, vi tri P duge gidng hang v6i codon dé duge dich ma, trong khi do
vi tri A lic nay dang trbng va giéng hang voi codon ké tiép cia mARN. Bét ky aminoacyl-
tARN (ngoai trir tARN-khéi déu) déu vao vi tri A, chiung luu lai day néu anticodon khép
mi vai codon tai A. Béng cich nay, aminoacyl—iARN'chjnh xac duoc lua chon va chon
duoc ding acid amin cho sy hinh thanh chudi polypeptid mdi sinh.

Tién trinh ndi dai gém cacchuley-3-bude;-sau médi-chuky-1 acid amin mdi duoc thém
vao mach polypeptid, tién trinh 167 dai & nhanl iguyen /iy hu sau (Hinh 5.12):
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1. Aminoacyl-tRNA ¢6 dbi mi diing dugc mang vao vi tri A nho yéu t6 EF-Tu-GTP;
khi vao dang vi tri, hoat tinh GTPase cia EF-Tu-GTP duoc kich hoat béi tiéu don vi 16n
din dén thiy phan GTP thanh GDP va phéng thich aminoacyl-tRNA. Su kich hoat GTPase
chi xay ra néu tRNA vao dung vi tri A va ¢6 anticodon ding voi ma trén mARN.

2. Lién két peptid dugc hinh thanh giita aminoacyl-tRNA & vi tri A voi peptidyl-tRNA
& vi tri P nhd enzym peptidyl transferase (do rARN 238 dam nhiém) va do do chuyén
polypeptid dang tdng hop tir tRNA & vi tri P sang aminoacyl-tRNA & vi trf A.

3. Peptidyl-tRNA méi hinh thanh & vi tri A dugc chuyén vi sang vi tri P nh& hoat dong
ctia yéu t kéo dai EF-G-GTP sir dung nang lugng thiiy phan GTP thinh GDP dé giai
phong vi tri A cho 1 chu ky méi. Su chuyén vi ¢6 3 hién tugng xay ra ddng thoi:

— tARN vén chuyén & vi tri P dugc day sang vi tri E va thoat ra ngoai.

— Peptidy!-tARN di chuyén tir vi trf A sang vi tri P.

— Ribosom tién thém mot codon trén mARN, do do, codon tiép theo duoc dua vao
giong hang véi vi tri A.

EF-Tu-GDP va EF-G-GDP cin duoc tai tao lai GTP dé tham gia chu ky kéo dai mdi,
co ché tai tao GTP cia cdc yéu té nbi dai nhur sau:

a) EF-G c6 4i luc yéu véi GDP, do d6 EF-G-GDP d& dang mit GDP dé nhin GTP
- mdi

b) EF-Tu-GDP t4i tao GTP nho yéu tb EF-Ts: EF-Tu-GDP gin EF-Ts ddn dén GDP b
phong thich, sau d6 GTP méi gin vao phirc EF-Tu-EF-Ts dan dén phéng thich EF-Ts va
tai tao EF-Tu-GTP (Hinh 5.13).

0y

Hinh 5:42:Tién trinh cua mdtchu ki néi dai

118




EF-Ts {EF-Tu- GTP) (cd

hoat tinh)
GTP
Tudng tdc vdi amino acyl-tARN
{EF-Tu- EF- Ts} (b#l gdn k&t'vio vi tri A cia Ribosom
hoat) va hinh thanh
lién k&1 peptid
GDP
' {EF-Tu- GDP})
EF- Ts (bdthoat) Pi

Hinh 5.13. S\ tai héi EF-Tu b&i EF-Ts va dong phan cua protein-G

Ba budc ctia qué trinh ndi dai s& duoc lap lai cho dén khi c6 mét codon két thiic _xuét

hién & vi tri A. Vai trd cia GTP trong qué trinh nbi dai chwa rd rang. Ngudi ta cho rang su

thuy phin GTP cung c¢ap ning luong cho viée tao lién két peptid va cho bude chuyén vi,
nhung n6 cé thé lién quan dén mirc do chinh xac ciia su chuyén vi.

Téc db trung binh cha qua trinh dich ma & t& bao nhan nguyén thiy khoang 15-20
codon mbi gidy, & t& bao nhan thit khoang 2 codon mdi gidy. Khi mét ribosom bét dau
dich m3, ribosom khac cé thé bit diu khoi déng, do do cing lac trén mARN co thé c6
nhiéu ribosom lién tiép dich ma va tao thanh ciu tric goi 1a polyribosom hay polysom.

O té bao nhén thét, cac yéu t& khoi diu gin & chép 57 ¢6 thé tuong téc véi dudi polyA
& déu 3’ qua trung gian PABP (polyA Binding Protein) dé vong hoa mARN. CAu tric vong
nay gitp cho codon khéi dau va codon két thuc & gin nbau, do dé giup ribosom sau khi
hoan tAt mdt chudi peptid c6 thé quay lai diém xuét phat @ khoi ddu chu trinh dich ma méi
mét cach nhanh chong. '

stan (2l

pciy-A binding 5 cap
prodein

stop (AGU}

%’sﬁ;@:} %::,n ,‘%%m?m} - ﬁ}vgﬂfﬁ

R o RS %\,ﬁw
Hinh 5.14. Céu triic véng ctiia mARN khi djch ma @ nhan that
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5.3.3. Két thac

Chu trinh dich ma chdm dit khi khi mét trong cac codon két thuc 1a UAA, UAG va
UGA di vao vi tri A. O buéce két thie, cac m3 két thic khong c6 anticodon. Thay vao dé6 1a
cac yéu 16 két thiic (RF) 1am két thiic qua trinh dich ma. Yéu t6 két thiic RF nhén dién stop
codon va kich hoat su két thiic dich ma, phong thich chudi polypeptid.

C6 2 loai yéu t& két thue (RF - Release Factor):

— Loai I: nhin dién stop codon va thity phan chudi polypeptid khéi tARN & vi tri P.
Phan img nay dugce xic tc béi enzym peptidyl transferase cia ribosom va doi héi GTP.

+ Té& bao nhén that: chi ¢6 1 yéu td eRF1 nhén dién ca 3 codon két thuc.

+ Té bao nhin nguyén thiy: 2 yéu té.

. # RF1 nhan dién UAG

* RF2 nhén dién UGA .

* UAA dugc nhan dién bai ca RF1 va REF2. :

— Loai I (RF3 va eRF3): kich hoat sur tach yéu t& loai 1 ra khoi ribosom nhér ning
luong thay gidlt GTP. '

Sau khi két thic ribosom vén gin mARN va 2 tARN tai vi tri P va E. Yéu tb tai sur
dung ribosom (RRF - Ribosome Recycling Factor) gitip thu hdi bd may dich ma cho chu
ky méi. O Prokaryot:

+ RRF gén vao vi tri A, gia lam tARN, né kéo EF-G vao ribosom va dy cic tARN ra
khoi ribosom theo cach twong ty & qua trinh nbi dai.

+ Khi tARN bj loai ra, RFF va EF-G phdng thich khéi ribosom cuing védi mARN.

IF3 c6 thé tham gia phong thich mARN va sau d6 gén vao tiéu don vi nho dé ngan
khong c6 tidu don vi 16n 1ip ghép. Két qua 1a tiéu don vi nho gin IF3 va tiéu don vi 16n tu
do dé tham gia chu ky dich m& méi. -

5.4. NHU CAU NANG LUGNG CHO QUA TRINH SINH TONG HQOP PROTEIN

el

O mét vai giai doan ctia qua trinh sinh téng hop protein cin dén ning luong
chuyén hoa va ning lugng nay duge 18y tit su thuy phan ATP va GTP (Bang 5.4).

Bdng 5.4. Nhu c&u néng ludng cho qua trinh dich ma

Giai doan Té bao nhan nguyén thuy ‘ Té bao nhén thét
Aminoacyl hoa ATP —> AMP + PPi : ATP — AMP + PPi
tARN
Khéi dau GTP »GDP +Pi, GTP — GDP + Pj,
 kéthop v6iIF -2 . Kéthop véielF -2
ATP - ADP + Bj,
k&t hdp valviéc gan chop va thao xoan
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Giai doan T& bao nhén nguyén thuy T& bao nhén théat
mARN (chua rd c6 bao nhiéu phan th ATP
dugc st dung)

NGi dai GTP -> GDP + Pi, - GTP — GDP + Pi,
két hop véi EF - Tu két hop véi EF -1
GTP - GDP + Pi, GTP — GDP + Pi,
két hop vai EF — G k&t hop voi EF -2
K&t thic . GTP — GDP +Pi GTP —» GDP + Pi

Ning lugng cin cho cac giai doan khéac nhau, c6 thé déng mot hodc mot s8 vai
tro sau:

— Cung cip ning lugng dé thuc hién cac phan ting déc biét, nhu hoat hoa acid
amin bing cach gin ching vao tARN. -

— Cung c&p nang lugng cho mot qua trinh nao dé nhu thao xoén ciu truc bac
2 cia mARN hodc cho sy chuyén dich ribosom trong cac budc chuyén vi trong qua
trinh né1 dai.

_ Duy tri chc y&u t8 & trang théi hoat tinh nhu EF - Tu.

— Cung cép nang ludng cho sy bién dang cla ribosom, nhu sau khi gin két
aminoacyl — tARN véo vi tri A.

5.5. PO CHINH XAC CUA QUA TRINH DICH MA

Sai s6t trong qua trinh dich ma sé tao ra mdt protein bat hoat, hoac 14 mot
protein diéu hoa va xiic tac khong phu hop 1am thay déi sinh 1y cua té& bao binh
thudng. Cac sai s6t do 1a:

5.5.1. Aminoacyl hoa tARN

Mot tARN co thé nhan thém mét acid amin khéng ding ho#c enzym aminoacy-tARN
synthetase déng tARN ¢o anticodon khdng chuyén biét cho céc acid amin duoc gén vao
n6. C6 mot sb acid amin cé cAu tric fuong tu véi acid amin cin duoc dua vao, cho nén cac
enzym aminoacyl-tARN synthetase ciing phai c6 cach thirc chon dung. Vi du, enzym
isoleucyl-tARN synthetase, m0t mdt phai phan biét giita isoleucin va cac acid amin nho
hon nhu Valin, mit khic phai phan biét giita isoleucin v&i cac acid amin ky nuoc, chng
kénh hon nhit leucin, phenylalanin. Co ché diéu chinh x4y ra nhu sau:

Enzym isoleucyl-tARN synthetase ¢4 2 vi tri thc dong, mot vi tri xuc tac thanh lap
aminoacyl-tARN (A) va vi tri thir 2 (1), & sat ngay vi tri tha nhét, thiry phén aminoacyl-
tARN d& cho ra acid amin ty do va LARN. Céc acid amin 160 hon isoleucin (hodc ¢o chu
hinh khong dung) khong thé di vao vi fri acyl hoa (A ¥4 do d6 khong duge cac enzym
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synthetase str dung. Tuy nhién, cdc acid amin nhé hon isoleucin co thé di vio vi tri A dé
tao ra aminoacyl-tARNile va s& 1a ngudn gdc tiém ting gy ra céc sai so6t. Cac din xuét
aminoacyl ciling c6 thé di vao vi tri thuy phin (H), nén bj thuy phan. Vi vay, chi co
isoleucyl-tARN 1a dugc san sinh chuyén biét. 2 budc nhan biét trén lam ting do chinh xac
ciia sy aminoacyl héa tARN.

5.5.2. Tuong tac codon - anticodon

Phitc hop sai giita codon va anticodon s& din dén viée gin vao acid amin khéng dang.
Céc nghién ctru dot bién vi khudn cho thdy cac protein chuyén biét trong cac tidu don vi
ciia ribosom déng vai trd quan trong trong viéc gin ding céc codon va anticodon trong
subt qua trinh dich ma.

5.5.3. K&t thic sém, k&t thiuc muén

Céc sai s6t cha giai doan két thiic ¢6 thé xay ra do két thic som (premature
termination) hoic két thic muén do doc qué. Sy doc qua do 16i ctia bo may dich ma, khong _
‘nhén ra codon dimg. T4t nhién, acid amin dugc dua vao va dich mi lién tuc qua ca ving
khong ma héa 3’mARN. Su doc qué ciing c6 thé do mot dot bién & codon dbi ma nao do6
lam cho codon d8i mi nay giai ma duge codon két thiic. :

Ngu(‘)ri‘ta ude tinh réhg, sai s6t ting 1én & ti 1& 1/3000 gbc acid amin duge két hop.
Nghia 13, néu mét phén tir protein ¢6 300 gbc acid amin thi chi 1 phén tir protein trong
10 phén tir ¢6 chita 1 161 va thudmg nhing 151 ndy s& duoc dinh vi ma khéng quan trong déi
véi chu triic hodic chirc ning cia protein.

5.6 CAC YEU TO CUA QUA TRINH DICH MA

Mbt s6 16m cic chét duge biét wre ché mét hodc nhiéu budce trong qua trinh sinh téng
hop protein (Bang 5.5). Trong sé nay c6 nhimg chét trc ché chon loc su tdng hop protein vi
khuén ma khéng 4nh hwong t6i sinh téng hop protein té bao nhan thit. Va ching ¢6 trién
vong str dung nhu nhitng khéng sinh loai trir sir nhiém khudn ma khong anh huéng dén qua
trinh chuyén héa protein ciia té bao chii (Bang 5.6). |

Béng 5.5. Cac chét irc ché dich ma

Chat irc che Chon loc trén Tac dong & giai doan -
Chloramphenicol | Té& bao nhan nguyén thiy Noi dai: (rc ché peptidy! transferase
Cycloheximide Té bao nhan that Néi dai: chwa ré co ché
Erythromycin Té bao nhan nguyén thdy N&i dai: trc ché sy chuyén peptid hoa
Acid fusidic Ca 2 gi&i (t& bao nhan Noi dai: trc ché s phong thich clia EF-G
nguyén thiy va té bao nhan. thoac EF-2): phirc hop GDP
: thatie: ‘ :
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Chat (rc ché Chon loc trén Tac dong ¢ giai doan
Kanamycin ' Ca 2 gioi N6i dai: gay doc sai
Neomycin . Ca 2 gioi Kh&i dau va noi dai: mARN doc nham
Puromycin Ca 2 gioi NGi dai: gay két thuc s&m
Sparsomycin . Ca 2 gioi N&i dai: rc che peptidyl transferase
Spectinomycin Té& bao nhan nguyén thuy N&i dai: i ché chuyén peptid hoa
Streptomycin Té bao nhan nguyén thiy | N&i dai: gan vao 30S va &nh hwdng t6i twong
tac codon - anticodon gay ra sw doc nham cla) -
mARN _
Tetracyclin Té& bao nhan nguyeén thily | N&i dai: phong bé viéc gan aminoacy-HARN
vacvitri A

Vi du, chloramphenicol, mot khang sinh c6 phd khéng khuén rong. Chat nay va cac
 chét tre ché dich ma dwoc ding nhu céc khang sinh, trong khi dé céc chét khac thi chi duge
ding @& tham do co ché cua chinh su dich ma.

Bang 5.6. Ap dung tri liéu cha cac chét trc ché sy tdng hop protein

Hop chat Ap dung va chi dan
Chloramphenicol Phé khang khudn rong ding trong dieu tri thuong han
Erythromycin Pho khéng khuan gidng penicillin va do 46 thirong dung dieu tri cac
bénh nhan nhay cam ve&i penicillin
Acid fusidic Phd khang khuan hep, dung cho cac Staphylococci dé khang penicillin
Kanamycin Dung cho nhiém trung Gram (-} nang
Spectinomycin | ) Biéu tri lao
Nhom tetracyclin Khang sinh c6 pho khang khuan réng
Streptomycin Khang sinh c& ph& khang khuan réng
Neomycin " Khang sinh c6 phd khang khuan réng
Tom tit:

Su dich ma 13 mét qua trinh phrc tap véi sy tham gia ctia nhiéu thanh phan

— ARN thong tin: mang thdng tin di truyén ma héa duéi dang codon, mdi codon 1a mot
t& hop 3 nucleotid ma héa cho mot acid amin. '

— ARN ribosom: la thanh phén cia ribosom, noi i hinh thanh chudi polypeptid dang
tdng hop.

— ARN vin chuyén: yéu t& mang cac acid amin tuong mg 16i cac codon trén khudn
ARN dén gén vao chudi polypeptid dang hinh thanh tai ribosom '
— Acid amin va ribosom

Qua trinh dich mi la cac chuky riboson; bae gf’im 3 giai doan:
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— Khoi déu: truée tién 14 hinh thanh mét phirc hop gdm 3 thanh phén: (1) tidu don vi
nho ribosom, (2) tARN mang methionin (Met-tARNiMet), (3) mARN. M6t yéu t§ khai
dAu s& phat hién codon khéi ddu AUG gitip phirc hop va tidu don vi Ién coa ribosom gin
vao, va su dich ma bt diu.

— Néi dai: cac yéu t6 nbi dai tao ra cac budc chuyen vi. Céc ac1d amin duoc dua dén
ribosom & dang aminoacyl-tARN theo tirng codon riéng 1&.

— Két thuic: khi céc yeu t6 két thic nhén ra ddu hidu két thuc trén mARN sy dich méa
ding lai. ' ) :

Su khéc biét gii‘ra chc thanh phan va co ché chi tiét ctia sy dich ma & vi khudn va té
~bao nhén that 1a nén t_émg cho viéc sir dung réng rdi cic chét khing sinh trong viéc trc ché
chon loc qua trinh sinh téng hop protein & vi khuén.

CAU HOI |
1. Nang lugng giai phong duge tir GTP thanh GDP + Pi dung dé:
a) Ghép tARN khéi ddu véi tiéu don vi 508
b) Ghép tARN khéi ddu véi tiéu don vi 308
¢) Budc chuyén vi trong ndi dai
d) Hoat ho4 acid amin
e) Gan két mARN vdi ribosome
2. Trong qué trinh dich ma:
a) M6i tARN c6 mot tARN — aminoacyl synthetase tuong dng
b) M6t tARN — aminoacyl synthetase chung cho tit ca acid amin
¢y tARN - aminoacyl synthetase kéo dai chudi peptid
d) Mat tARN -~ aminoacyl synthetase cho méi loai acid amin
e) tARN — aminoacyl synthetase xtc tac sy chuyén vi '
3. Trinh ty Shine — Dalgarno la:

a) Vi tri gin ribosom b) Yéu t& khdi 14p rap rARN
¢) Yéu té khoi dau dich ma d) Vi tri két thac dich ma

e) La trinh tu codon khdi dau
4. Acid amin khdi dau chudi peptid & t& bao nhan nguyén thuy:

a) Formyl — methionin b) Methyl — Methionin
¢} Methionin d) AUG
e) GUG '

5. Vaitrd ctia elF — 2 trong téng hop protein & t& bao nhén that:
a) Mang aminoacyl — tARN t6i vi tri A '
b) Gén Met — tARNvao ribosom
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¢) Hoat hoa acid amin can dé néi dai
d) Tai héi EF —Tu
e) T4i hoi EF - 1a
6. Chudi peptid dang hinh thanh gin vao:

a) mARN b) Tiéu don vi nhd
¢) Tiéu don vi 16n . d) Vitri P
e) Vitri A

7. Su chuyén vi ribosom ¢6 cac hién tugng:
a) tARN véan chuyén xong dude tach khoi vi tri P
b) Peptidyl — tARN di chuyén tit vi tri A sang vi tri P
¢) Ribosom téch ra dé gin vao codon ké ti€p
d) Ribosom chuyén vi titng buéc

e)a,bvad :
8. Y&u t5 nao khong tham gia két thic dich ma & vi khudn?
a) RF -1 b) RF - 2
¢) RRF d) EF -G
e) EF - Ts

9. Tac hai clia streptomycin trong qué trinh dich ma cha vi khuén:
a) Uc ché& chuyén peptid hoa
b) Uc ché peptidyl transferase
¢) Phong b& viéc gin aminoacyl — tARN vao vi tri A
d) Tuong tac codon — anticodon gay doc nhidm cia mARN
e) Gay két thiic sém qua trinh dich ma |
10. Anh hudng ctia tetracyclin trong dich ma & vi khuén:
a) Uc ché& chuyén peptid hod
b) Uc ché& peptidyl transferase
c) Phong bé viéc gén aminoacyl - tARN vaovitri A
d) Tudng tac codon — anticodon géy doc nham cta mARN
e) Gy két thic sém qua '
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Bai 6 ,
PIEU HOA HOAT PONG GEN

MUC TIEU

— Tém lude duge cdc phuong thic diéu hoa hoat déng gen & t&€ bao nhdn
nguyén thuy.

— Mb td duge co ché didu hoa ciia té bao vi khudn dé ddp tng vdi cdc thay dot
trong moi trudng séng. o

— Gidi thich duode cdch thie tuong tde giita cdc protein va cdc trinh tu ADN ddd
biét va cde phan 1 khdc trong qud trinh diéu hoc hogt déng gen.

6.1. MO DAU

Su diéu hoa hoat dong gen vi khuén chinh 1a sy diéu hoa trao d6i chat, 1a didu
khién téc d6 ctia cac qua trinh sinh hoa bﬁng cach thay d6i thuin nghich ham
Iugng cac chit cé ban chat protein tham gia vao-cic qua trinh nay hosc 14 diéu hoa
hoat tinh cta ching.

Trong da s8 cac qua trinh sinh hoa, cic chit ¢6 din xuit protein déu la nhiing
chit xdc tac cc qué trinh sinh hoc, goi la enZym. Song c6 mét vai qua trinh, vi du
van chuyén qua mang sinh hoc dudc thyc hién béi protein, trong dé6 protein khéng
déng vai trdo xic tac cho sy bién d8i hoa hoc ma "nhan biét" sy van chuyén
(translocation) cg chét. . ‘

O vi khuén cé ba loai enzym permease vin chuyén qua mang: permease
dipeptid, permease tripeptid va oligopeptid permease. Oligopeptid permease cé
oppA, B, C, D, F lan lugt chuyén vat chét 14n nhau va qua mang, trong dé oppA c¢6
tinh dac hiéu. '
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-
| | Ming ngodi

Periplasma

oppA

|oppB| |oppC|  Mang t€ bio chit

@ T& bao chit

N

ATP ADP

Hinh 6.1. Cac permease & vi khudn
.C6 hai miuc d6 didu hoa co ban: mitc d6 diéu hoa sinh tdng hdp protein va miic
@6 diéu hoa hoat tinh cta chiing trong qua trinh thuc hién chiic ning.
Trong phén nay, chiing ta chi xét dén su didu hoa sinh téng hop protein.
Miic dd diéu hoa qua trinh sinh téng hdp protein gdm nhidu giai doan: cic thdi
ky chudn bi sao chép bd gen va phién ma nghia 13 sinh téng hdp cac ARN, thoi ky
két thic— dich m& tao ra nhiing phAn tii protein, mét xich di truyén cudi ciing

cua té bio.

6.2. PIEU HOA QUA TRINH SAO CHEP

Quaé trinh sao chép, phién mi va dich ma déu gém ba giai doan: khdi dau, kéo
dai va két thuec. _

Nhiing d#c diém co ban ctia qua trinh sao chép ADN la ¢¢ ché ban bao tén, sy
gian doan (doan Okazaki) va sy kéo dai cla mdi ARN trong mbi doan sao chép,
luén ludn xay ra theo huéng 5 dén 3. K&t thuc giai doan sao chép, cic doan mdi
(ARNo) bi phin huy va cac doan Okazaki ndi lai véi nhau nhd enzym ligase.
Di nhién, soi s6m sé dude téng hop lién tuc theo huéng 5 dén 3.

O t& bao nhan nguyén thuy cé hé théng da enzym: ADN — polymerase I, II, II1,
ADN - ligase. Ngoai ra, dé loi xodn va thao xodn cé helicase va topoisomerase I,
phuc héi dang sidu xodn cb topoisomerase IT (ADN - gyrase) phu thude ATP.

Ngoai sao chép bd gen, con cé su stia chiia va tai t6 hgp, ddng thdi cé su sao
chép nhiing yéu t& di truyén ngoai nhan — plasmid.

Nguoi ta xéc dinh duge khodng 15 locus di truyén (Dna) ki€m soat su sao chép
ADN. Mé&i mét gen nhu vy mé hoa cho mét polypeptid cdn thiét cho quéa trinh sao
chép. Vi du, DnaA cén cho sy tdng hop primer (ARNo) va déng vai trd diéu hoa
duong trong qua trinh nay. Song viéc tao rarsémrphim nay lai t6n hai dén qua
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trinh tu diéu chinh. Mot s6 protein c¢6 tinh da chiic ning. Vi du, protein do DnaC
t6ng hop lai cAn thiét cho viée gin primer vio chubi ADN va sau dé protein nay
tré thanh thanh phan cha phiic hé sao chép va tham gia vao gua trinh kéo dai.

T4t nhién su diéu hoa chit ché hon ca xay ra & giai doan khdéi ddng sao chép.
Bén canh cac protein cia cac cistron Dnad, DnaC vita ké trén, con c6 sy tham gia
cua cac protein khae sinh ra tit cac locus DnraB, Dnal va DnaP. Su sao chép ADN

chiu sy kiém soat duong va kiém soat 4m ctia cic protein — di€u hoa.

N6i mdt cach téng quat, kiém soat duong 14 sy tich lity chat hoat hoa cho dén
ngudng da dé khdi déng mét chu trinh sao chép méi, cdn thist cho sy can bang véi
viéc nhan ddi cua sinh khéi t& bao.

Nguge lai su kiém soat 4m, khi chit kiém hdm cin dude téng hop mét cach
gi6i han tiép ngay khi bt ddu chu trinh sao chép trude (chit kim ham nhu vay ¢6
thé 13 san phdm cfia gen ndm gin vi tri bit d4u sao chép, ma sy phién ma cla nd
chi dude thyc hién trong giai doan sao chép cta viung ADN nay).

Trong quéa trinh ting trudng cua té bao, chét kim him bi yéu dén va trong
thoi didm t& bao nhén d6i thi mtic d kim him cla n6 ha thip duéi mic déng han,

6.3. DIEU HOA QUA TRINH PHIEN MA

Trong mdi té bao, khéng phai gen nao cling hoat dong nhu gen nao. Trong khi san
phém ciia gen nay can duge tbng hop lién tuc, thi san phdm ciia gen khac lai chi dugc tong
hop trong nhitng giai doan can thiét tiry thudc méi trudng. Tham chi, khi gen dd “md” thi
ham luong protein twong tmg ciing bi kidm soat. Do d6 hoat dong ctia hdu hét cdc gen déu
duoe didu hoa trong mét hay mdt vai con dudng lam cho hiéu ting sir dung cia t& bao vé
mit ning lwong dat duoe cao nhét. Co ché didu hoa nay dbi véi su biéu hién gen c6 thé xay
ra & cic mirc 3§ khac nhau. Sy didu hoa gen co thé xay ra ngay tai thoi diém phién ma hay
trong qua trinh dich ma. Sau qua trinh dich ma, mdt s6 protein c6 thé bi bién dbi cAu hinh
dé thanh protein chirc ning.

Cac gen phién m3 ARN dugce goi 1a cac gen cdu tric. Céc protein dugc dich mi tur
mARN c6 thé 13 enzym hay khong phai enzym. Trong sb cac protein khdng phai enzym c6
céc protein diéu hoa. Ching s& gin véi nhitng trinh ty ADN chuyén biét dugc goi 1a
operator, dé kiém so4t qud trinh phién mi cta cac gen dic hiéu. Nhiing gen tdng hop nén
cac phan tir protein didu hoa dugc goi la cac gen diéu hoa. MSi gen cau tric (hay mot
nhom gen ciu tric) déu dimg sau mét trinh ty (goi 1a trinh ty khoi dong) dugc nhan biét
bdi ARN polymerase. Khi polymerase gin vio vimg khoi ddng thi sy phién mi xay ra: Soi
c6 nghia cia ADN sé& dugce phién méa thanh mARN. Operon 1a don vi phién m3 bao gbm tbi

thiu 13 ving khoi dong va cac gen mi héa mARN cho mdt hay mét vai chudi polypeptid.

Mot operon cé thé chira mét hay thigu vi tri digu hoa hon 5o vl s6 ving khé dong.
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Hoat dféng phién mi cua gen cb thé khéng duge didu hoa néu san phim caa
chiing khong lién quan t6i diu kién méi truong. Co thé néi nhiing sén pham
- khéng phu thudc vao méi trudng nhu vay dudc téng hop lién tuc. Tuy nhién, s6
lugng cha nhiing san phiam "khéng dude diéu hoa " nay van cé thé thay d6i phu
thudc vao ai huc tuong d61 véi promoter ciia ARN polymerase. Cac promoter cd ai
luc cao s& tao nhidu san phiam ctia gen hon 1a c6 &i Iuc thap.

D61 véi nhiing protein doi héi mét didu kién méi trudng nhat dinh, thi sy hoat
déng clia cac gen tao ra ching thudng dude diéu hoa bdi mdt hay mét s6 protein
diéu hoa. '

Operator 13 mot trinh tu ADN cta operon c¢6 mdt protein diéu hoa dude gén
vao d6 va protein nay dudc goi 14 protein iic ché’

Operator c6 thé ndm canh promoter:

3l . 5l
Promoter | Operator | Gene 1 | Gene 2 | Gene 3 |

ARN polymerase [\ Chét (¢ ch¢ \

Operator c6 thé phti 1én mét vimg cta promoter: vi du operator cua A — phage:

Vi trf khéi déu t8ng hgp mARN

3 Ving-35  Ving-10 5
TTGACA | TTTTACCTCTGGCGGT| TATAAT|GGTTGCIATGTA
(hp Pribnow)
Promoter '
| " Operator |

Su gén cia protein Uc ché vao operator sé ngin can sy phién mi clia mét s§
gen céu tric trong cing operon. Gen nao cé dang diéu hoa nay dugc goi 1a gen bi
didu hoa Am. Cac operon ctia vi khudn thudng san sinh ra cac mARN, gﬁ_)i 1& da
cistron mang ma di truyén cho mdt s8 chudi polypeptid; th€ nhung, hau nhu toan
bé mARN cha t& bao nhan that (trit mét 86 cd quan) déu la don cistron.

- Cac protein can thiét cho sy bidu hién clia mét operoﬁ dugdc goi 14 protein hoat
hoa (activator). Chuing c¢6 thé gin vao vi tri khéi ddu nim trong promoter cua
operon hay vao trinh tu téng cuong (enhancer) nam cach xa operon nham tang
cudng kha ning phién ma cta cac gen nim trén cing ADN. Trinh tu ting cddng
d4u tién tim ra chda 72 bp nam canh diém sao chép ctia virus khi 40 (SV 40).
Enhancer duge tim thiy trong génomelcﬁa té_' bao-nhan that va trong retrovirus.
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Hoat déng clia enhancer lam ting s6 lugng ARN polymerase khi ADN phién mi.
Enhancer c6 thé nim cach gen ciu tric ma né ting cudng.

Hiéu qua ting cudng duge thuc hién qua mot loai protein gén vao mét trinh tu
ADN dic hidu. Khi protein gin dic hidu nay gin vao vi tri ting cudng, cac
nuleotid xen gifia noi nit ra dua vi tri ting cudng }én tiép xiic v6i promoter clia
operon cin ting cudng. C&u tric md nut nay giip cho ARN polymerase gin dudc
vao gen phién ma. * . o

Khi protein hoat hoa gén vao vi tri khdi déng hay vi tri ting cudng sé kich
thich sy phién ma ctia gen c&u tric trong operon. Ngudi ta goi cd ch& nay su kiém
sodt duong. Su kich thich do céc gen difu hoa dap tng c6 thé xay ra tir nhiing
phan ti nhé (dudng, acid amin..) dén nhiing chit 16n hon nhu céc phic hgp
steroid ctia hormon (t&€ bao nhéan that) va cac protein thu thé ctia né.

Chat "md" gen, lam cho gen phién ma dudc goi 14 chét cam déng. Chit "déng"
sy phién ma dugc goi 1a chdt e ché. Cac gen ¢6 thé cdm wng thudng tham
gia trong cac phan tng di hoa, vi du nhu khi phén gidi polysaccharid thanh
dudng don.

Céc gen ¢6 thé ic chéthuong tham gia trong cac phan ting déng hod.

Nhu vay ¢6 4 t8 hop tham gia kiém soat su phién ma:

— Kiém soat cam tng am.

— Kiém soat fic ch& am.

— Kiém soét cAm ting duong.

— Kiém soat tc ché duodng.

Ta l4n lugt xem xét titng trudng hop.

6.3.1. Kiém soat cAm iing Am

Kiéu khéi nguyén ctia su kiém soat 4m dugc thuyc hién bdi operon cé thé
cAdm ng, d6 12 "hé théng lactose" clia E. coli.

B-galatosidase 1a mét ‘enzym ¢6 hai chirc ning. Chirc ning chi yéu cha nd 1a phan giai
lactose thanh glucose va galactose. Chitc ning thir hai cta no 1a bién dbi lién két 1 - 4
glycosid cia glucose va galactose trong dudng lactose thanh li€n két 1 - 6 trong dudmg
allolactose. Binh thudmg, khi lactose thiéu hut trong moi trudmg thi enzym nay khong
nhidu 14m. Ngay sau khi thém lactose vao méi truong trong diéu kién khéng ¢ glucose,
enzym nay 1ap tirc dugc san sinh. Protein van chuyén c6 tén la galactoside permease cén
thiét cho su van chuyén c6 hiéu qua lactose qua mang t& bao. Protein nay ciing dot ngdt
tang 1én sau khi cho lactose vao mdi truomg, “Hé lactose” hoang dai gbm gen diéu hoa (1)
va operon chira trinh ty promoter (p*), operator locus (O") va 3 gen céu tric cia
B-galatosidase (Z7), permease (y") va transacetylase (a’). Pot bién cia timg locus tuong
{mg d4 dugc tim thdy trong fur nhiéa. —
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- Mot s6 ky higu:

Cdc allen ciia promoter:

— p*: promoter kiéu hoang dai, hoat dong binh thuong v61 ARN polymerase

— p~: promoter dot bign khéng duge nhan biét bsi ARN polymerase

— ps: ting cudng sy nhin biét cia ARN polymerase, ning cao mtic 46 phién
mé cua operon.

— picr: 4nh hudng téi vi tri gin clia CRP — cAMP lam giam mic biéu hién ciia
operon lac duéi 10% kiéu hoang dai (icr = insensitive to catabolite repression).

" Cdc allen ctia operator: |

— _O *. allen diéu khién nay cho phép cic cistron canh né (tdc 14 vi tri cis) biéu
‘hién, nghia 1a dugc phién mé. Allen nay mén cam véi chdt e ché, chat nay ngin
_ch3n su phién m3 phén con lai cha operon. '

_ Oc: allen diéu khién én dinh; né khéng min cAdm véi chélt tc ché va dé cho
cac cistron can ké phién mai lién tuc.

Cdc allen B — galactosidase:

- Z *: m& hod mot B~ galatomdase hoat dong khi operon "ma".

— Z : dot bién cé nghia, sinh ra mot san pham bién tinh khéng hoat tinh
enzym goi la Cz protein.

— Z77: 4ot bién vo nghia, khdng c6 operon lac nao biéu hién.

Cdc allén permease:

— y*: ma hoa cho mét B — galatosidase permease hoat dong.

~ y7: khéng ma hoa permease, c6 thé 14 d6t bién vo nghia.

Cdc allen regulator:. '

— i*: tao ra chit tc ché hai mit, c6 thé kim ham kha ning téng hop cta bét ky
operon O " nao khi khéng c6 lactose; khi ¢6 lactose thi ch4t Gc ché bi bat hoat.

— i: gen diéu hoa bi héng, khéng c¢6 kha ning sinh chat c ché hoat tinh do
dot bién v6 nghia hay léch nghia.

— 1is: tao chét siéu de ché khﬁng.nhay cam véi lactose va khong hoat hoa véi
bat ky operon O " nao, nghia la khong bi bat hoat bdi lactose. |

Péi khi ¢6 su chdng chéo giita promoter va cdc vi tri operator clia "hé lac”; trong mét
vai operon ngudi ta thay cac locus operator nay phu hoan toan 1én promoter. Operon diéu
hoa thudng xuyen sinh ra céc protein fec ché & mic do thip bdi vi nd c6 mdt promoter
kém hiéu suit. Promoter nay duocky hiéu béng pi (1nefﬁc1ent promoter). Viéc tbng hop ra
chét trc ché khong thay dbi theo mire lactosetong t€ baoalNgugc lai, promoter binh thuong
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(P*} cua operon lactose (lac - p) lai gin voi ARN polymerase rit hiéu qua. Khi thiéu
lactose (didu kién khong cam tmg) thi protein trc ché c6 hoat tinh (sinh ra béii') s& gin vao
operator O" (lac 0). ARN polymerase luc bdy gir c6 thé hodc 1a khong gan dugc vao
promoter hoic 1a khong doc dugc operator, béi vi protein vc ché di bao viy ca ving
promoter. Liic bdy gid, su phién ma ctia 3 gen céu tric clia /ac operon bj ngin can.

Khi lactose xuét hién (diéu kién cam tmg c6) song lai khéng duge chuyén qua mang té
bao vao té& bao chat mdt cach hidu qua boi vi lue béy gidr chi mdi ¢6 vai phin tit permease
xuét hién. Bén trong t& bao, mét vai phin tir lactose bi bién ddi thanh allolactose nhéy
B-galatosidase. Allolactose la chit cam tmg ciia lac operon. Né gén vao protein (rc ché, 1am
thay ddi cAu hinh cia protein irc ché va 1am thay ddi vi tri gén clia protein e ché vao
operator. Sy thay d6i cAu hinh trong phén tir protein do mot phan tir khac gin vao, duoc.
g0i 12 ser bién hinh di lgp thé. Phic hop allolactose - protein trc ché khong thé gin 1au vao
operator duge va no bi rdi khoi ADN ngay (Hinh 6.3). Luc nady, ARN polymerase c6 thé
doc operator dé phién mé cic gen cAu tric trén operon. Khi luong permease ting lén,
lactose duoc chuyén qua mang nhidu 1én va dudng lactose lai b phdn huy béi
B-galatosidase. Khi lactose trong mdi trudng tré nén can kiét, protein ¢ ché vira duoc téng
hop s& dugc giai phong khoi allolactose, do d6 ching (chét wc ché) co thé gin chit vao
operator, lam ngimg phién mi ciia cic gen cdu tric trong operon lac. Chét wc ché néi
chung 12 cac protein ¢ cu tric oligomer, trong d6 m3i mot tiéu don vi clia nd déu c6 hai
tdm dic thh. Trong hai tdm ndi trén, tdm ndo cd &i luc cao véi trinh tr cha toan bd
promoter thi duge coi 12 tm gin chét (e ché, con tdm con lai s& 14 tAm gén chat cam img.
Su gén chit cam tng vao chit tc ché & tAm bién cAu thir hai s& 1am thay dbi cAu hinh ciia
chét e ché, chinh vi viy ma lam giam &i lyc cia tdm gén chét e ché dbi véi operator va

' gitip operator tu giai thoat khoi chat e ché.

Allolactose luén ¢6 xu hudng tich khéi protein dc ché& ngay sau khi mic -
lactose trong t& bao xudng th&p. Tham chi khi "hé lac” bi tic ché&, d6i khi protein tc
ché€ tach khdi operator mét cach nhanh chéng. ARN polymerase ¢6 thé 1én vao
operator md operon va téng hgp nén phéan tiit mARN da cistron. Piéu nay gidi thich
duge mic d6 rat thap clia permease va 3 —galatosidase ludén ludn thudng trye
trong t& bao vi khudn.

Cac phéan td mARN vi khuan ¢6 thdi gian ban huy rit ngin (chi mét vai phiit),
do d6 su téng hop protein ngiimg lai rat nhanh sau khi phién ma bi tc ché.
Mit khac, protein rit bén viing, nhung lai dé phéan tan méi khi t& bao phén chia.
Operon chia gen diéu hoa (1) trong hé lactose bao gdm promoter — i va gen céu
trilc ciia protein iic ché. Binh thudng promoter nay cé hiéu lyc r&t kém va chi cé
mdt it phan t& protein fic ché - lac tén tai trong t& bao. Tuy nhién, & cic operon
nim sat véi promoter clia gen-diduhoavi swtw didu-hod c6 thé xay ra.
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(ay 3 I Promoter | Operator | Gene I Gene 2 | Gene 3 I 5

ARN polymerase \ Repressor \ Sy phién m4 bi phong b€’

(b) 3 | Promoter | Operator | Gene 1 l Gene 2 | . Gene 3 | b

ARN pqumerase l l ‘I'
N Fepremsor \

Hinh 6.2. Qud trinh cam (ng enzym

(2) protein frc ché gin vao operator vi phong bé sur hoat djng ctia ARN polymerase; (b) chét cam tmg gén
v&o protein irc ché va bit hoat n6, ARN polymerase tién hanh phién m# céc gen 1,2,3 trong operon

Lactose operon

e
—
. Vitri gdn CAP-cAMP
Vitri gdn RNA polymerase
QOperator
Locus diéu héza (112212;) .
cia lac operon . Genes cdu tric
— o -
lac - :
Genes ; lac z | lacy [ laca |
’ I I I
lac promoter lacz lacy lac a
{lac p) l 1
mRNAs A N AU AYAAYYAVAVaVaVAvA
3
Khong .§
cé chdl =
ciming O
Proteins ot &  Permease Trans-
a g, ! o
Repressor S 31 k=] acstylase
o) B 1
:g '§ ] E :
g 5! = !
) 'agn 1 &9 1
Inactive C)____“_} ey '
TEpressor ]
v '
8 1
- A d
Allolactose () 2 0
(chdt cdm 1ing) - ;
. -
(chitdc chébi  { J 2
hoat hod) 3
(°
Maing
t€ ba

Lactose % . J 7
} Vdn'chuyén vio 1€ bio nhg

permease gan rén mang

Hinh 6.3. S¢ d8 cac y&u t& chinfi kiém soat Jac operon
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6.3.2. Kiém soat tic ch€ am

Ngoai ¢d ch& ¢cdm ting 4m (ho#c gidi e ché) vita néu trén, con cé sy thich dng
enzym &m hay cdn goi 13 fic ch& 4m qua trinh tdng hop enzym. Trong trudng hop
ndy, sy tong hgp enzym thay vi duge giy cam tng béi co chilt, thi né bi dc ché bdi
chinh ban than san phdm ma né xiic tac. Hién tugng nay dude quan sat thiy trong
trudong hop tdng hop acid amin tryptophan va histidin. Tryptophan dugc téng hgp
theo 5 buédc, mbi buée dugc xtic tac béi mot enzym dic hiéu (Hinh 6.4). Cac gen dap
iing cho 5 enzym nam trén mét operon, thong thudng theo mdt trat ty gidng nhu
trat tu ciia san phim enzym cua ching trong qua trinh sinh téng hap.

Gen didu hoa cho hé théng nay ludn ludn san sinh ra mot loai protein khéng chirc néng,
dugc goi 1a chét dke ché gbc (apo-tepressor). Khi tryptophan san xudt du thira, thi sy qua tai
cta tryptophan sé& tac ddng nhur mt chét dbng drc ché (co-repressor). Chét ddng irc ché gin
vao chét e ché gbc hinh thanh nén mot phirc hop e ché chirc ning. Phirc hop trc ché chic
ning nay gin vao operator frp, VA Uc ché su phién mi cha 5 gen chu triic trén operon.
Céc ving promoter va operator cia operon nay nhiéu khi phu 1én nhau va gén dugc phirc
hop co-aporepressor, do d6 ARN polymerase khé chen vao duge. Khi ndng d6 tryptophan
giam xubng, tryptophan tach khoi chét e ché gbe va chét G ché gbc roi khoi operator, thi
ARN polymerase lai tdng hop duge mARN da cistron cho 5 enzym tbng hop tryptophan.

Regulator genes (Gen dicu hod)

Thira Corepressor
Tr}’plophan (Péng tc ché) Aporepressor

(Uc ché goc)
| Repressor
Cdc enzyme ' Cdc gene

ot Cs = gs

[=3

= 5

-5

B < €4 £4

=

Q
i : :

S | «———— €] —> €3 « g1 g3
5 @ o

Hinh 6.4. Kiém soat irc ch& am trong hé tryptophan cua E.coli
6.3.3. Co ché diéu hoa suy giam -

(6 ché& didu hoa thi hai nay dugc phat hién d hé tryptophan. Tai ddu 3 clia
operon phién ma mARN da cistron tuong Ung gy, &5, 3, &4, 85 ¢6 Mot trinh tu gdm
162 base; phan b8 giiia operator va.gen ciu. tric thii nhét, dugde goi la trinh tu
dén (Hinh 6.5, Hinh 6.6). |
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Doan che phd

3 Promoter 5
ADN | I '_Leader sequencel Genl | G.enZ | Gen3 | Gen4 I Gen3 1 I
——
Operator

Hinh 6.5. Su phan bd gen cia tryptephan operon

Trinh tuw din chira mdt phin déng vai trd bd suy giam, chinh bd suy gidm nay mi hoa
phan tir peptid din chira 14 acid amin.

Trinh tu dén chira 4 ving, trong d6 ving A chira hai codon mé hoa cho 2 codon mi
cho tryptophan (UGGUGG) duoc ky hiéu XX. Phin D trudc khi ndi v6i Tryptophan
operon ¢6 mdt trinh tur mé hoa cho 7 uracyl trén mARN. Phén C va D c6 thé tao nit kep
toc véi nhau va cung vl 7 Uracyl tao thanh cdu truc cua tin hiéu cham dirt phién ma
(terminator). Trinh tur chia vimg A ¢6 thé tao nut kep toc véi ving B, va trinh ty viing B ¢6
thé tao nut kep t6¢c véi vung C.

* Phén mi héa 7-uracyl
R . .
: 1 D

Vi tri tam ngimng
phién ma

Tryp operon

M3 hoa cho
vi tri gan
ribosom

L o Trinh tu
B¢ suy giam két thiic

Trinh tr din

Hinh 6.6. Sip x&p cac viing nucleotid trong trinh ty dan
ARN polymerase chuyén dong doc sgi c6 nghia ADN theo chiu 8 — 5 vi phin
tii mARN tuong ting sé dudc tdng hgp theo chiéu 5 — 3. Gén d4u 5 cha mARN la
vi tri gin ribosom (Hinh 6.7).

¥ ;

ADN "1 Trp. operon
: JARN

¢6 nghia polymerase <

Hinh 6.7. Sif chuyén dich cia ribosom trén mARN
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Ribosom gin nhu chuyén dich lién ti&p theo sau ARN polymerase trong qua
trinh phién mi va giai mi. Ribosom gén va trugttrén mARN. Cac ving A va B ¢
thé bit cip véi nhau vi ¢é chia nhiing trinh tu b8 sung va ving C, D ciing vay.
Nhung néu B ciing bét cip duge vi tri véi C thi s& ¢6 thé hinh thanh nén 3 niit kep
téc A/B, B/C va C/D. ‘

Trong didu kién thira tryptophan thi ribosom dich ma ra s¢i peptid din, do d6 ving B
va C clia mARN khéng tao nit duoc. Nho d6, ving C va D bét cip duoc voi nhau tao
thanh nut kep toc két thic phién ma truge khi ARN polymerase doc dén ving gen mi héa
cho céc enzym tdng hop tryptophan,

Néu méi trudng thiéu tryptophan thi ribosom s& dimg lai & cac codon tryptophan ctlia
vung A. Vi ribosom phu 1én A, nén B bét cap véi C, do vay C khong thé bt cip v6i D nén
khéng hinh thanh dugc kep téc ngimg. Nho d6, ARN polymerase tiép tuc phién mi cac
gen c4u tric cia tryptophan operon tao nén mARN cua cac enzym tong hop tryptophan.

Su phién mi suy gidm cling gip & mot sb operon lién quan dén viéc chuyén héa céc
acid amin khéac nhu histidin va leucin.

(a)

ARN polymerase

(b)

Hudng dich m4

Q

4]

=]

. [y]

w

8,

B =h

=

[+

5 - A 3
mARN \“/ =
e e —— 151

B

g

Hinh 6.8. Md hinh phién ma suy giam cila operon tryptophan E. cofi
(a)Thita tryptophan: agiing; (B)Lhidu typtophan: khang ngiing
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6.3.4. Kidm soat cam {ng duong

Da sb cac hé thong tong hgp enzym cam (mg dugc biét cho dén nay diéu hoat dong
nhd sy diéu hoa 4m tinh, glong nhu d3 néu trong thi dy di hoa lactose. Khac voi su didu
_hoa tng hop enzym am tinh trong qué trinh trao dbi lactose, cdc enzym cdia qua trinh trao
ddi arabinose & E. coli nhd su kidm soat cia repressor c6 kha nang ‘thyc hién diéu hoa
duong tinh va 4m tinh. Arabinose 13 dudng ma su chuyén hoa ctia né doi hoi 3 enzym duge
mi hoa bdi cac gen araB, arad, araD. Khi moi trudng khong co arablnose thi 3 enzym
trén chi cé mot luong rat nhé. Khi bd sung arabinose vao moi truong nudi cdy ham luong
3 enzym nay cing tdng 1én. Qua trinh cam (ing dugc ditu hda bai mdt gen araC nam ghn
3 gen trén nhung cach ching bsi phirc hop didu hoa (gbém operator (araQ) va initiator
(aral), aral chira promoter) cua nhém BAD.

San phim protein cua araC (AraC) la chit c ché cua nhém BAD khi méi
trudng khong cé arabinose. N6 luén ludn gin vao araO lam ADN cé dang loop nén
ARN polymerase khong gin vao dude dé phién ma. Tuy nhién, sau khi gin véi
arabinose thi repressor nay bi bién d6i c&u hinh thanh phitc hop hoat hod roi
khoi operator (araQ) va gin vao initiator (aral), tao diéu kién cho ARN
polymerase gin dudc vio promoter cia BAD, nho d6 cam ung dutc_jc' su phién ma
ctia operon. Ban than AraC ty diéu hoa chinh né bing cach gin vao araC.

_ Initiator/
() Operator  Promoter
araC araQ aral araB  arad  araD
H —
H —
H™ J—

aral | 1 '
: _ mARN l —H 1 —H l :
Arabinose Enzym O O O

Kinase Isomerase Epimerase

AraC  ARN .erase :

Hinh 6.9. Ki€m soat e¢am (mgldiény $lopéron arabinose
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Cén luu ¥ rang, operon clia arabinose dugc coi 13 mot trong s8 cic operon nhay:
cam d6i véi glucose va do d6 su téng hop mARN clia né cting phu thude vio lidn
két cua CAP 1a mét proteln hoat ho# gen di hoa véi promoter BAD. Néi cach khac
dé cho operon cta arabinose hoat dong manh can c6 hai tin hidu diéu hoa duong
tinh, tin hiéu thi nhit théng bio sy c6 mat cha arabinose, tin hiéu thid hai sy
vang mit caa gluéose.

Adenosine monophosphat vong (cAMP), protein hoat hoa gen di hoa (CAP) va
protein nhan AMP vong (cyclic AMP receptor protein = CRP) tham gia vio su diéu
hoa ctia hé théng arabinose. AMP vong ¢6 kha nang hoat hoa cho nhiing promoter
¢d 4i luc y&u nhung ban than né khéng gin dudc vio promoter. Mudn lam didu nay
né phai lién két véi CAP hoic v6i CRP. Khi AMP gén dugc vio promoter né sé
hoat hoa ARN polymerase vad ARN polymerase s& gin dudc vio promoter.,

6.3.5. Pa kiém soat

Mt locus di truyén c6 thé dudc kiém soat bdi nhiéu co ché khac nhau. Khi ¢6
mit glucose thi vi khudn E. coli khong cin thiét phai phan gidi mdt loai dudng nao
khac va cac gen méd hod cho cic enzym phén giai cic dudng &y ciing déng lai.
Vi du, né'u_ khéng c6 glucose nhung c6 lactose trong méi trudng thi lac operon dudge
cam Gng. Nhung néu ¢6 glucose thi sy cAm tng cla lac operon s& khéng xay ra.
Hién tugng nay dugc dit tén 14 hiéu fng glucose (ghicose effect), ngay nay ngudi
ta goi hién tugng nay 1a tc ché di hoa (catabolite repression). Ph1Ic hé cua 2 chit
hoat ho tic ché di hoa 14 cAMP va CAP.

Véi lac operon (Hinh 6.2) ¢ day c6 vi tri gan phlic hé cAMP - CAP. ARN
polymerase chi gan c6 hiéu qua vao promoter néu phiic hgp cAMP — CAP ciing
duge gin vao vi tri nay. Khi mic glucose ting 1én trong t& bao, thi lugng cAMP
gidm xudng va s& cé it phiic hé cAMP — CAP hon c6 thé dung dé hoat hoa lac
operon. Ban thén cAMP khéng gén duge vao promoter dé ARN polymerase d& gin
vio ADN, né phai lién k&t véi CAP lam thay d6i c&u hinh cta CAP. Lic d6 phiic hé
cAMP —~ CAP gén dudc vao promoter. Su diéu hoa nay 1a su diéu hoa cim ting
dugdng tinh.

CAP duge sinh ra 8 mic d6 thap do mét locus di truyén dic hidu. Enzym
adenylate cyclase (adenylcyclase) bién adenosine triphosphat (ATP) thanh
adenosine monophosphat vong (cAMP).

6.4. KIEM SOAT SAU DICH MA

Su bi€u hién ctia gen c6 thé dude diéu hoa sau khi protein hinh thanh.

Sy kim ham ngudc con goi.la.su.ic ché& bdi.san pham cudl, cling 12 co ché diéu
hoa ¢6 sd tham gia tc ché cta enzym. San phéim) euiir¢iing clia qua trinh sinh téng
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hgp (thudng 1 phén té nhé nhu acid amin ching han) c6 thé lién két chit ché (néu
& néng db cao) véi enzym dau tién dugc téng hop ra. Sy lién két nay khong Xay ra
tai vi tri xdc tac (trung tdm hoat dong) chia enzym ma § vi tri gin chat kim ham
(vi tri diéu hod) lam bién tinh cfiu trac bac 3 hay bac 4 ctia enzym, do d6 bét hoat
vi tri xac tac. _ '
Sy bi€n hinh di 1ap thé clia enzym s& phong bé& kha ning xic tac cia enzym va
ngin can sy san xuét qua do cha san pham cudi cing trong qua trinh sinh téng
hop céac chit chuyén hoa trung gian. '

Vi du, san phédm cudi ciing isoleucin trong E. coli khi xuit hién & ndéng do cao,

lien két véi enzym diu tién (e;) ctia qua trinh sinh téng hop va do vay kim ham
toan bd con dudng hﬁy cho d&n khi isoleucin trd lai mie binh thudng thong qua

miic tiéu thu cta t& bao.
Chat khéi ddu ctia chubi gém 5 phan tng nay 1a threonin. Phan ing dau tién
threonin bién thanh acid o - ketobutyric do enzym threonin - desaminase, qua
mét loat quéa trinh chuyén hoa tao ra san phim cuéi 12 isoleucin. Vao mot thoi
diém nao do, isoleucine khéng dugc t€ bao sit dung dén sé lién két trd lai véi
‘threonin-desaminase va kim hdm tac dung enzym nay. Cac enzym tuy vin dude
hinh thanh nhung khong hoat déng dude. Viéc t8ng hop isoleucin bi dinh chi cho
dén khi t& bac diing hét acid amin thua. .
[ 1 =threonin_} [ 2= a-kewbutyrate |
Sir du thiva giy Kim ¢ = threonin deaminase

hdm ngugc

T& bio s
dung

# B4

l\_}
Cs

Hinh 6.10. Sc 4 kim ham nguge trong E. coli
(e = enzym; g = gen; 1,2,3,4,5 = cic chét trung gian)

Tom tdt: ' ' :

Vi khudn séng trong mot méi truong canh tranh gay git, ching cén phai thay
d8i nhanh chéng trong cd ché chuyén hoa dé s8ng sét. Nhiéu vi khuén tao ra cac
phuong thiic chuyén hoa dé, thich tng véi su thay d8i nay, cac enzym trong qui
trinh chuyén hoa chi duge tong hop khi can thiét. Su kiém soat nhu vay dude thuc
hién ¢ mtc dd gen. :
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Céc enzym cén cho cic phudng thic di hoa chi duge tao ra khi ¢6 sin mét chit
dinh dudng déc biét nhu lactose. Cac protein Gic ch& kim him su biéu hién gen va
tac. @dng Ge ché bi kim ham béi cac chdt cdm ting, cic chit cdm Ging ban thin né 14
cic phén td dinh dudng hay cac phin t c¢6 ngudn gdc tit chit dinh duéng.
Céac kiém soat nay bi thay ddi néu cé sy Ida chon giiia glucose hay lactose thi
glucose duge vu tién hon. _ _

8] phuong thiic ddng hoa, cac enzym cén cho sy sdn xudt mét acid amin dic
biét nhu tryptophan chi dude tong hop khi tryptophan khéng ¢6 sin & vi khudn.
trong trudng hop nay, cac chit tc ché 14 san pham cubi ciing clia qua trinh.

Cac phudng thitc khac ctia su kiém soat bidu hién gen 13 bing cac protein hoat
hoa, day 1a su kiém soat duong. Cé su tham gia ciia cAMP vao viée diéu chmh su
bidu hién gen 6 vi khuén.

CAU HOI

1. Protein tic ch& khac véi protein hoat hoa & ché:
a) Gén vao operator ngin cdn phidn méa gen cau tric
b) Thude dang diéu hoa 4m
¢) Gén vao vi tri khéi ddu trén promoter

~ d) Gén vao vi tri ting cudng
9ab o

2. Hai chiic ning cha yéu cia enzym B — galactosidase thé hién &:
a) Phan giai lactose thanh glucose va galactose
b) Phan giii lactose thanh glucose va fructose

¢) Bién ddi lién két 1 -4 glycosid cuaa glucose va galactose thanh 1-6
trong allolactose

d) Bién d6i lién két 1-6 glyc051d trong allolactose thanh lién két 1-4
trong lactose

| e)a, c
3. "Hé lactose" hoang dai cia E. coli cé:
a) Gen diéu hoa (Is) | .
b) Operon chita promoter (Picr) va operator (Oc)
¢) Operon gdm ving promoter va enhancer
d) 3 gen cau triic: p - galactosidase (Z ™, permease (y ”, transacetylase (a
e ab,d
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"Hé lactose” thudng xuyén san sinh protein tc ch& & mitc thip vi:

a) E. coli chudng lactose hon glucose

b) Promoter clia operon nay kém hiéu suit

¢) Promoter clia operon nay géin vdi ARN - polymerase

d) Chat c che dugce tong hgp trong t& bao c6 thay ddi

e) a, b ding

Chat itc ché& goc la: - ,

a) Protein khong chiic niang sinh ra do gen diéu hoa cua hé tryptophan

b} Tryptophan '

¢) 5 enzym téng hdp tryptophan

d) Trinh ty dan

e) 5 chét chuyén hoa do 5 enzym tham gia téng hop tryptophan

Operon clia arabinose dudc coi la operon nhay cam déi véi glucose vi

a) AMP ting khi ham lugng glucose tang

b) AMP véng co kha nang hoat hoa promoter yeu

¢) AMP muén gén vao promoter phai nhe CAP

d) AMP gén dugc vao promoter s& hoat hoa ARN polymerase

e)b,evad

Su kim ham ngugc khéng ch4p nhan trudng hop:

a) Su tic ch& bdi san phim cudi cung

b) Co ch& didu hoa c6 sy tham gia tic ché clia enzym

¢) Su lién két giita san phim cudi cling véi enzym & vi tri didu hoa cha
enzym lam bat hoat vi tri xtic tac

d) Su lién két gifia san ph&m cudi cang véi enzym & vi tri xic tac caa
enzym

e) Su bién hinh di lap thé ctia enzym sé phong bé kha nang xic tac cua
enzym

Operon gbém:

a) Viing khéi dong (promoter)

b) Cac gen céu triic

¢) Vi tri diéu hoa

d) Chép GMP

e)a,bvac

Operator la:

a) Poan mARN gén dugc protein diéihoa

141



b) Poan ADN chuyén biét gén dudc protein diéu hoa
¢) Poan ADN nim trude promoter 7 '
d) Poan ADN nim sau promoter
e) Gen téng hop prbtei_n
10. Kiém so4t duong khac véi kiém soat Am vi cdn phai:
" a) Loai b6 tich cuc phan ti fic chE
b) Hoat hoa qua trinh khéi ddu cia ARN — polymerase
¢) Pua vao co - repressor
| d) Loai bo co— repressor

eyavad’
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Bai 7
BO GEN TE BAO NHAN THAT

MUC TIEU

— So sdnh duge b6 gen ctia t& bao nhan thit va t& bao nhdn nguyén thuy.
— Mo td duede mét sé logi trinh tw & b gen té bao nhdn thdt.
— Néu duge su bidu hién ciia bé gen té bao nhan thit.

_ Néu duge cde cdch kiém sodl sy biéu hién ctia bo gen.

7.1. MG PAU

Cac bd gen té bao nhan that phiic tap hon t&€ bao nhAn nguyén thuy. S8 gen
ma hoa cho protein ciing nhiéu hon gép trim lan. Sy du ADN dude thé hién &
nhidu loai trinh tu khac nhau. ADN clia t& bao nhén that ¢ dang théng, con & t&
bao nhén nguyén thuy thi 6 dang vong. o

Piém khéc nita 12 sy phién ma va dich mi & t& bao nhan that duge phén ra
]Jam 2 giai doan tam thdi vé mat khéng gian: sy phién méa xay ra trong nhén, con
su dich mi x4y ra trong t& bao chat. Nguge lai, véi t&€ bao nhén nguyén thuy:
- su dich ma cha phan ti mARN c6 thé bit ddu truéc khi tong hop mARN duge
hoan thanh

7.2, TO CHUC BO GEN O TE BAO NHAN THAT

-7.2.1. Kich thuéc ctia bd gen t& bao nhan that - giatri C

Gia tri C (C - value) dugc ding dé dién ta kich thudc bo gen ctia mét lodi, né
biéu thi s6 ciap nucleotid (thudng bién didn bang don vi Mb hay Mbp — megabase
pair) ctia bd gen don boi cia mdt sinh vat t&€ bao nhan that. Cac t€ bao 6 t& bao
nhén that chita nhiéu ADN hon 14 cAc t& bio nhin nguyén thuy (Bang 7.1). |
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Badng 7.1. Bd gen chira acid nucleic

Bé gen | SéIluong gen S6 cdp base
Thuc vat <50000 <10M
Ngudi : 25 000 3.10°
Giun 14 000 108
Rusi .| 12000 1,6.10°
Nam 6 000 1,3.107
Vi khuén 2000 - 4 000 - <107
Mycoplasma 500 <10°
ssADN virus |
Parovirus 5 5 000
Phage fx1 74 | 11 5387
dsARN virus
Coronavirus 7 | | 20 000
Infuluenza : 12 13000
™V 4 6400
Phage MS2 1 1 300
Viroid
'PSTVARN | . 0 359

Nghich 1y gia tri C 12 mdt khai niém phan anh sy khoéng tudng xting gitia kich
thudc b gen (gia tri C) v6i s6 gen clia mot loai. Vi du, ngudi c6 bd gen 16n hon giun
dén 30 1an nhung chi gip d6i vé& s8 gen. Nhu vay phén 18n trinh ty ton tai trong bd
gen khong lién quan dén gen. ' '

7.2.2. So d6 khai quat vé cac loai trinh ty ADN -

7.2.2.1. Su khong déng nhdt ctia ADN té bao nhén thét

Khi tach ADN cia t&€ bao nhan that bing siéu li tim trén thang néng dd
Cesium chlorid, ¢6 3 vét duge-ghinhan-(Hinh-7:1):
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6ng nghiém sau ly

. . B

Mit 39 quang 260 nm

\ e ! ' .
1,672 1,688 1,692 - 1,7 Mit dé ADN

Hinh 7.1. Su xuat hlen cia ADN vé tinh sau khi siéu fy tam

Su khéng déng nhit cia ADN te bao nhan that thé hién rd hon khi thyc hién
phan ng tai hgp (reassociation). ADN duoc cdt nhd va cho bién tinh rbi sau d6 cho
héi tinh. Khi héi tinh, cac doan c¢é trinh tu b8 sung dé tai hop v6i nhau, nhd vay
nhan biét cac trinh ty ldp lai.

Dong hoc tai hdp thanh cap cua ADN t& baio nhan that khac véi t& bao nhén
nguyén thuy (Hinh 7.2). Dudng cong téi héi ctia t& bio nhan nguyén thuy c6 dang
hinh sigma dién hinh, chiing t0 sy dbng nhat cia cac trmh ty trong tal hdp. G t&
bao nhan that dudng cong phic tap hon, kéo dai mégt khoang réng cac gia tri Cyt
(don vi ctia né 1a s§ mol nucleotidflit/giﬁy) va ¢6 chita 3 thanh phén 13p lai 6 mic
d khac nhau:

- ADN lap lai nhleu (tax hdp rat nhanh), chiém khoang 10 - 15% bd gen.

- ADN 1ap lai trung binh (tai hgp nhanh viia), chifm khoa.ng 25 — 40% b gen.

— ADN duy nhat (tai hop rét cham), chiém khoang 60% bd gen.

Phitc hop cfia modt vai bo gen da bist kich thude c6 thé duge tinh toan bing
cach so sanh dudng cong Cgt ctia né véi dubng cong Cot cia mét ADN ¢ mét phiic
hop da dude biét trude (thudng 12 ADN E. coli véi kich thuée b gen c6 tong chiéu
dai clia cac trinh tu 12 4,2.10% bp). Cach so sanh nhu vay si dung Cot % cua mot
dan s& ADN, d6 1a gia tri Cot 8 thoi diém 50% ADN di tai t6 hop.

Cot. 1/2 ctia ADN tit bd gen thit nghiém = phtic hop hién dién cta bd gen
thit nghiém. ' -

Cot 1/2 clia ADN E. coli =4,2.10°bp.
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A % phén tr lai

100 —
/ / .
I /
75 ! X Trinh ty ddc nhét (3)
! /
I
(]
50 N
I Trinh tu ldp lai trung binh (2)
I
25 N A
—/
Trinh ty lap lai cao (1) /
| Phd - '
- »
10-3 10-2 10-1 1 10 103 103 104
Ct (he sb Ilai
mol/gidy)

- == Bd gen £, coli B gen dong vit ¢b va

Hinh 7.2. Pudng cong tai hap ciia ADN déng vat c6 vi
1. ADN c6 kha nang bat cép tc thai; 2. ADN bét cap cham hon 10 7 3<Ct<10;
3. ADN bt caip rat cham 10 < Cgt < 10°
7.2.2.2. Céc trinh tv ADN lap lai 6 mize dé cao

Céc trinh tr nay ciing duge biét nhu 1a ADN vé tinh (satellite DNA), bdi vi khi ADN
cia bd gen dugce cit ra va ly tam trong gradient ti trong Cesium chloride, cac chudi lap lai
cao thudng hinh thanh céc dai bing vé tinh cach xa dinh chinh (kb4 rdng) so v6i cée chudi
lap lai trung binh hay duy nhit. Piéu nay cho thiy ring ADN lip lai cao thirdng ¢ mét
thanh phan base khéc vai thanh phén ciia bd gen (va vi vy ty trong cac phin ndi khac nhau).

Céc trinh tr nay chiém 10 - 15% bb gen cia déng vit co va va khong ma héa cho
protein. Chiing lién quan dén céc chét di nhidm séc co cdu (constitutive heterochromatin).

Phén tich trinh ty nucleotid cho thiy ching gdm 3 loai:

— Ho ADN vi vé tinh: gdm cdc doan nhé ciia trinh tu 13p lai lién tiép.co trinh tw don
gian (thudmg 1 - 4 bp) va ném rai rac khip bd gen. Trong truomg hop l3p lai 1 nucleotid, A
va T thudng gip, chiém khoang 10 Mb hay 0,3% bd gen & bao nhan that. Trai lai, G va C
rét hiém ggp. Trong truong hop 13p lai 2 nucleotid, doan lip lai CA (GT trén s¢i bd sung)
thuong gip, chiém khoang 6% bd gen va thudmg da hinh. Poan lip lai CT/GA ciing phd
bién, thudng xéy ra trén mdi 50 kb va chiém khoang 2% bd gen, nhung CG/GC rét hiém.
Diéu nay do C bd sung véi G.&.d4u 3’ bi methyl hoa, két qua tao TpG (hay CpA cia soi bd
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sung). Poan lap lai 3 va 4 nucleotld kha hiém, thuong da hinh vA duge nghién ciru ding
1am chét danh diu da hinh. Didm ndi bét cia ADN vi v& tinh chua duoc biét. Cac doan ldp
lai xen k& purin-p yr1m1d1n nhu cac doan p lai lién tuc ciia cdp 2 nucleotid CA/GT, co
kha ning phit hop cAu tao cia ADN xen k&, Z-ADN, in vitro, nhung it ¢6 bang chimg
chiing ciing 1am nhu véy trong t& bao. '

— Loai thir hai: tuong g véi cac trinh tu 18p lai lién tiép nhung véi cac doan dai hon
(100 - 200 bp).

— Loai thit ba: ¢6 nhiéu trinh ty 13p lai muc d6 cao, phin tan phia ngoai chét d1 nhiém
sic nhu trinh tr CEN va trinh tv TEL.

+ Trinh tu CEN: cac trinh tw CEN ldp lai cao la cia tdm ddng (centromere). O ndm
men Saccharomyces cerevisiae gom:

* Trinh tur dAu c6 9 cip base S’ TCACATGAT.

* Trinh tu gitta c6 80 — 90 cap base, rit gidu A va T (>90%). h

* Trinh ty 11 cgp base & diu 3’ TGATTTCCGAA.

Céc trinth tw ndy & ADN ngudi phire tap hon.

+ Céc trinh tu TEL:

* Céac trinh ty TEL thudc cac nhém telomere (d3u mat ctia nhiém shc thé) vai nhidu

vai trd khac nhau nhu bao vé diu mit nhiém séc thé khoi bi cit, gifr chidu.dai cua nhiém
sic thé khi sac chép, gin véi mang nhin va kim hém sy biéu hién cua cac gen & dau mat.

* Cac trinh fu TEL <6 tinh bao tdn trong tién héa. Chang c6 s6 1an Jap lai cao, giau C va
A: CC(C)ACACA(CA) ¢ ndm men, CCCTAA & ngudi. Diu mitt cia nhidm séc thé gidu G
gap lai hinh kep tdc c6 cAu trac 4 mach. Céu triic nay bao vé diu miét nhiém sic thé khoi bi
cit bai nuclease, ddng thai khi sao chép giit dAa mut khoi bi mét cé4c trinh tu mé héa.

Cic chudi vé tinh lip lai cao thudng thiy trong tAt ¢4 céc nhiém sfc thé cha bd gen.
Vi du, 25% bd gen cia Drosophila virilis co trinh tw ACAAACT, hién dién khong it hon
trong 107 ban sao.

7.2.2.3. Cdc trinh tu ldp lgi ¢ mizc dé trung binh

Loai trinh tu nay chi€m 25 — 40% b gen nguci. Ching cing gbm céc trinh tu
lap lai nhung dai hon (100 — 1000 bp) va da dang hon nhidu so véi loai lap lai cao
(vé tinh). Cac trinh tu nay phén tan trong bé gen va néu cit bd gen thanh doan
20 — 40 kb thi c6 90 d&n 100% s8 doan c6 trinh tuy lip lai trung binh. Trong 86 cac
trinh tu lip lai trung binh, ¢6 cac ho trinh tu dac hiéu 14 SINE va trinh tu LINE.

Mbt t& bao nhan that c6 thé c6 hang tram nhém ADN lap lai trung binh, véi
mbi nhém cb khodng tit 50— 10% doat 14p lai. '
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C6 mét s6 luong 16n cac nhém khac ADN lip lai trung binh trong bé gen ngudi,
nhu chudi 6400 ciip base dude lap lai tit 3000 — 4600 14n dude tinh cho khoang 1%
trong téng s8 ADN ngudi. ' '

Cdc trinh tu SINE (cén goi la Alu & nguei):

Mét trong nhiing nhém 16n nhit cia ADN lip lai trung binh 6 ngudi 14 phiic
hop cua cac chudi duge goi 1a ho Alu. S6 di c6 tén nay vi nb cé chiia vi tri nhan dién
cho enzym cét gidi han Alul. Chudi Alu xu#t hién khodng 3x10° 1an trong bd gen
don bdi ctia ngudi, vi vay chiém khoang 3% ADN nguai. :

Alu chita mét luong 16n GC va mic dit ndm rai rac khap chét nhidm sic hoat
déng (euchromatin) cia by gen, nhung ching thudng § trén nhiém sic thé R va
théy trén dai xanh khi dong thudec nhuém Giemsa chuén vi chita cac ving cé kha
ning phién mi cta bd gen. Chiéu dai toan bd ctia doan Lip lai Alu khoang 280 bp
va thudng tiép theo bdi cac trinh tu thuin (6 — 18 bp) (c6 cing hudng), giau A tai
mot soi va T tai sgi b6 sung. Tuy nhién, cé su khdng d8i xing tai cac doan 1ap lai
khoéng li&n tuc: mdt don vi 1ap lai chia trinh ty 32 bp bén trong nhung doan khac
- khéng cé. Cac monomer chita mét trong hai doan lap lai lién tuc va kiéu gen khac
nhau ctia dimer v monomer.

Su chuyén vi nghich tao ban sao clia cic phén tii & vi tri méi, trong khi phan ti
cho ban ddu vin gii nguyén céu tric khong bién déi. Do vay, chuyén vi nghich tao
nén mét it doan dit va su tai céu tric cia bo gen t& bao chii. Nhiing bién d6i nay sé
lam ngiting hay hoat hoa cac gen, ma mét s6 bién déi nay ¢6 thé giy ra ung thu.

Hai don vi lap lai ctia trinh ty Alu giéng nhau vé trinh ty 7SL ARN, thanh
phén cdu tao cia ddu hiéu nhan dién, van chuyén protein qua mang luéi noi sinh
ch&t. Do difu nay ngudi ta tin ring trinh tu Alu ting I1&n 13 nhd sy chuyén vi 7SL
ARN, do viy tao thanh gen gia cut 7SL ARN. Qu4 trinh chuyén vi trinh ty Alu xay
ra nhd enzym phién m# nguge mé hoa béi LINE -1 (Kpn) va cb thé 14 nguyén
nhéan gay cac vn dé lam sang. Cé thé s6 lugng 16n céc ban sao gen gia cut lién
quan dén su hién dién trinh tu promoter trong trinh tu 7SL ARN (gen 7SL ARN,
gidng gen tARN dugc mid hod bdi ARN polymerase II tif mdt promoter ndi).
Nguge lai, gen gid cut tif ban sao ARN polymerase II thiéu trinh ty promoter va
chiing chi c6 thé biéu hién néu ching & gn trinh tu promoter c6 chiic ning.

Hién nay chiic ning cia trinh ty Alu chua duge biét. Mac du tin s§ thuong
giip 12 1 ban sao trén 4 kb, nhém cac doan l3p lai Alu xdy ra tai cac ving bat ky.
Do ching ¢6 mit khip noi, trinh tu Alu duge xem nhu thic ddy qua trinh tai t8
hgp khéng tudng déng, nguyén nhén giy bénh trong mét s trudng hop nhung
ciing c6 thé 1a cac tién hod do thic ddy nhan d6i ADN. Mic du thudng thigu mot

148




trinh ty m& hoa, trinh ty Alu thudng tim thay tai cac vi tri khéng ma hoa ndi sinh,
tai intron va céc trinh ty khéng dich ma. Do vay, ching thudng hién dién trong
ban phién mi ARN dAu tién tif gen ma hoa polypeptni thudng 1A mARN. In vitro,
trinh tu Alu cling ¢6 thé dudc sao chép tit promoter ndi nhd ARN polymerase I1I va
ban sao ctia moOt vai trinh tu Alu do sy tich liiy cac ARN t& bao chét co thé lién két

vl protein cia ddu hiéu nhéan dién.

€ 130 > &

' Gidu A
— Alu 900 000 bdn
[ sao/ b gen
,/" Cic ving
/,/ ‘wong déng .
7SL ARN

300 pb

v

A

Hinh 7.3. Cac trinh ty SINE
Cdac trinh tu LINE:

Chung gbm céc ho LINE 1 hay KpnlvaTHE 1, xay ra 0 mdi 50 kb trén bd gen nguoi.
Cac trinh tw LINE dugc tao ra do cét bd gen voi enzym gioi han Kpnl. Ching c6 chiéu dai
khoang 6 va 7 Kb véi gin 5 000 ban sao nguyén ven va 100. 000 ban sao timg phin rai
khip bd gen Ilgll’O'l Chiing 1a nhiing trinh t 13p lai khong ma hoa dai nhét va thu'ong g
ving giau AT, gibng nhu céc trinh tr Alu (Hinh 7.4). Céac ban sao ma trinh ty LINE gin
v&i protein tao thanh phirc hop ribonucleoprotein. & mdt dong t& bao ngudi bi ung thu
(teratocarcinome), ngudi ta quan sat thdy cac ribonucleoprotein niy. Sy xen doan LINE
vao cdc vi tri khéc nhau co thé gdy hdu qua nhét dinh, nhu trong trudng hop bénh mau
khong déng A (hemophilia A).

Trong ho LINE 1, nhiéu doan ¢6 khé ning chuyén vi. Chidu dai toan b 1a 6,1 kb va co
2 ORF, tuy nhién chung khong hién dién trong hau hét trinh tu riéng r&. ORF1 & gan cudi
(d4u tan cung 5°) va ma hoa protem chua r chirc nang p40 (trong lugng phén tir Khoang
40 kDa). ORF2 c6 nhiing vung gibng véi trinh tw nucleotid mé héa cac enzym phién ma
nguoc khdc nhau va céc protein virus khac. CAu triic hoan chinh ctia LINE lchita mét
promoter trong ving ADN khong dich ma trude ORF1 (got la 5°-UTR) trong khi tai déu 3
¢6 trinh tu (A)nf(T)n thudng cé dudi poly A. Trong trudng horp cac cAu tric khédc 6 thé
chuyén vi va cdc chu tric LINE-1 bj kep badi cac trinh tu doi ngén. Cu tric LINE-1 hoan
chinh kha hiém (chi khoang-3.500 ban sao) va héu hét cac doan lap lai bi cut & du 5’ do
vy ching c¢6 chiéu dai khac nhau va-thuong c6 dudi polyA: Cace cAu tric LINE-1 thuong &
ving chit nhidm sdc nhung khAc véi trinh ir Eip lai ‘Alu'do thich & nhanh G t61 (Giemsa
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duong) cia nhidm sic thé ki gitra. Gidng Alu, chiing thiéu cac trinh ty ma héa nhung c6
thé tim thdy cac trinh tv khéng mi héa ndi sinh. Do vy, chiing hién dlen trong ban sao
ARN déu tién ciia cac gen 16n nhung khéng c6 trong mARN.

< . 6,1 Kb - >
Ving khéng bdo tdn Ving giau A

J

LINE-1 (L-1)

Ving bdo tén hodc Kpn-1
Lip lai tnye ti€p khong cd dinh
< Khodng 2 Kb >
THE-!
Liplaitruc Iié"p

Hinh 7.4. Trinh t LINE
Cdc gen ctia rARN, tARN, ARN 58 va ARN 7SL:

Mot loat cae gen giii vai tro quan trong trong sinh téng hop protein nhu cac
gen ribosome, tARN, ARN 58 va ARN 78L cé su lip lai hang nghin 14n.

— Gen nhom I: cdc gen cua rARN:

Céc gen rARN duoc phién mé boi ARN polymerase I. Ban phién m3 diu tién 1a pre-
rARN, sau khi cat ndi tao ra 3 loai rARN 13 rARN 288, rARN 18S va rARN 5,8S. Céc gen
niy khong phan tan méa xép thanh cum (cluster), m3i cum c6 thé hon 200 ban sao. O ngudi,
cac cum d6 dugce tim thdy trén vai ngén cia cdc nhidm séc thé tim du (acrocentric) 13, 14,
15, 21 va 22, chiém khoéng 0,4% bd gen. Cac nhém nay xép quanh yéu t6 té chirc hach
nhan hinh thanh kiéu céu tric déc biét trén nhiém séic the va ¢ gian ky tao nén céc hach
nhan (nucleolus).

Céc gen 288, 5,85 va 188 rARN bét thirdmg do céc gen nhan chiém sb luong 16n, duoc
phién mi riéng &, diu tién ching duoc biéu hién nhu 14 cac ban sao da gen, theo cach cta
gen ty thé. Poan sao ma 13 kb biéu hién tién 458 rARN sau dé trai qua nhiéu bién dbi khac
nhau dé tao thanh 288, 5,8S va 18S rARN trudng thanh. Giéng nhu cc san phim cua gen
ty thé, cac san pham rARN riéng 1& ciia nhém rADN 13 cac thanh phin c6 lién quan véi
mdt chic néng riéng bigt. Do vy, viéc sir dung bt thudng cac ban sao ARN khong khac
so v6i cac san phim dich mi ddu tién tir tir duoc tach ra thanh 2 hay nhidu chudi
polypeptid ¢o chirc niing thong thudmg, Vi dy, phén ti insulin ¢6 2 chudi polypeptid duoc
tao thanh tir san phdm dich m& duy nhit-Céchdi-truydnnay-célién quan dén cac sin phim
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khoéng tring lap tir tién phén tir duy nhét hiém khi x4y ra: cac thanh phan riéng r& clia da sd
protem da tidu don vi & ngudi duge mi héa béi cac gen khac nhau, thudng trén cac nhiém
sac thé khac nhau.

— Gen nhém III: cdc gen tARN, ARN 58 va ARN 7SL:
Cac gen nay dudc phién ma bdi ARN polymerase III nén goi 14 nhém IIL

Nhém nay gém cic gen mi hoa cho mét s6 ARN nhé tim thay trong nhén va t&

bao cht.

O ngudi c6 hon 200 gen ma hoa cho ARN 58. Cac gen ny tap trung thanh cum
& mét s8 didm nhat dinh chia chit nhidm sie thé. O mot s6 loai nhu Xenopus s8 ban
sao cia ARN 58 c6 thé hon 20 000.

7.2.2.4. Cdc trinh ty déc nhéat

Céac trinh tu ddc nhat chifm phan 16n b gen (chiém khoéng 60%), gém 2 loai:

— Cac gen ma hoa cho protein.

— Cac gen gia.

Cac gen mi hoa cho protein thudc nhém II vi né dugc phién ma do ARN
polymerase II. Trit cAc gen mé hoa cho protein histone, cac gen nhém II ¢6 trinh tu
dée nhat hode véi s6 it ban sao. Cac gen nhém II nay hau nhu chi m& hoa cho mot
loai protein.

Pa s6 chting c6 trinh tu doc nhit hay gin nhu ddc nhat. Mot s gen ¢6 ban sao
thit hai trong qué trinh tién hoa. CA hai ban sao nay c6 thé chuyén déi b8 trg
nhau, nhu trudng hdp cac gen o ca globine. D61 khi, hai ban sao cé su phén hoa
nho trong tién hoa ra hai protein nhung it khac nhau.

M6t gen c6 thé tao ra dude nhidu ban sao rit sdm trong qué trinh tién hoa.
MSbi ban sao ¢6 su phan hoa doc lap nhau do hién tugng nhén doéi (duplication).
Su phan hoa nay din dén hang loat gen ma hoi cho cac protein tuong déng. Su
biéu hién clia cac gen nay phu thudc vae kiéu hay trang thai clia t€ bao. Cac gen
nhu vay hién dién § dang lap lai thanh ho: Vi dy, nhiéu ho gen da dugc biét nhu:

— Ho cac gen Globine. | ‘

— Ho cac gen Actine.

— Ho céc gen Myosine.

Cac gén Globine t4p hdp thanh cum: phiic hop ciia cum o Globine nim trén
vai ngin cta nhidm sic thé 16 va phtic hop B Globine ndm trén vai ngin cla
nhidm sic thé 11. Trinh ty sép x&p cda-gen-tuong ting-véi trinh tu biéu hién trong
qué trinh phat trién ca thé.
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Hemoglobine 13 protein ¢6 edu tric bac bén. O dong vat ¢6 vi trudng thanh,
cau tric bac bén gdm 2 mach polypeptide o va 2 mach pB.

Trong qué trinh phat trién ci thé c6 su thay déi cac dang ciu phin nhu
(Bang 7.2). |

Bang 7.2. Mach Globine & ngudi trong qua trinh phat trién ca thé

Peptide globine Phdi ' Thai Ngudi Ion
o — tugng tu & (xi) a . , o
B - tuong tu ¢ (epsilon) Gy, Ay .8, B

Gen gia dudc xac dinh bdi viéc chiia cac trinh tu ¢6 lién quan mat thiét véi cac
gen cfu tric, nhung khéng dich ma thanh protein chiic ning dudc.

Su sdp xép ciia cum céic gen P - tuong tu globine cua tho dugce trinh bay &
Hinh 7.5. C6 4 chubi B — tuong tu globine trong nhém nay. Gen [3; dugc biéu hién &
céc thé trudng thanh, trong khi d6 cac gen B; va B, thi c6 hoat tinh cht yéu trong
qué trinh phét trién ctia phoi.

e . Gengid = Bifuhién d rudng thanh
¢ Bi¢u hién d phoi \ ¢

B, Py v, B
| i [~ |
LL —H [ —d

/' T ADN vé tinh :
Exon Intron

I i 1 f t i f
0 5 10 15 20 25 30

" (Tinh theo 1000 bp)

Hinh 7.5. Su sap xép cac gen P tucng tu _
Gen gid ‘¥B, clia thd ciing chiia intron va exon lién quan mat thiét véi gen céu
tric By. Nhung viéc' m#t mét cip base & codon thit 20 cia né d& gdy nén hién tugng
dot bié'n léch khung lam chi&m dit ngay su dich m# sau d6. Gen gia ciing c6 thé

duge tao ra khi 2 intron cé xen gitia’la mét exon va khéng ¢ intron nao duge cit ra

khéi exon khi gen phién ma3.
Phén tich trinh tu B, cho thdy ring méc dii gen By c6 quan hé mat thiét véi cac

trinh tu khac trong cum, nhvnenélai-tich-tu; mbdt-s6-ddt-bién bao gdm léch khung
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va chudi két thic, ngin chin B, ma hoa protein & bat ky phuong dién nao. Do do,
Bé clia thé 13 mét vi du cha gen gia. Gen gid dudge biéu thi theo chit Hylap 1a ¥,
vi vay gen nay dudc ky hiéu 1a ¥B,. Loai gen gid nay dude xem la két qua t1én hoa
cua mot gen da c6 khi bidu hién nhung bay gid lai 1a gen d6t bién lan. C6 mot vai
vi du khac ctia cac gen gia loai nay, nhu cac gen tudng ty B — tubulin 6 ngudi, cac
gen rARN 58 & Xenopus.

7.3. CAC MUC PO PIEU HOA BIEU HIEN GEN

& t& bao nhan nguyén thuy, ciing nhu & t& bao nhén that, cac cd ché diéu hoa
su bidu hién cia gen cé thé tac déng 6 mot hay nhiéu miic dé khac nhau. Sy diéu
hod c6 thé & miic d6 ngay ban than gen, bing sy kiém soat thoi gian va téc d¢
phién ma. Cac cd ch& khac ¢6 thé hoat dong lic dich mad hodc sau dich mi
(Hinh 7.6).

7.3.1. Mitc d6 chit nhiém sic

Ngay trén soi nhiém sic ¢6 thé thuc hién cac kidu:

DNasel cit ADN b gen & mot s6 ving lam théo xodn dé cho céc gen biéu hién
(1) caa Hinh 7.6. '

Hai vimg dude luu ¥: nhay cdm va tang nhay cam. Cac ving nhay cadm c6 lién
quan dén céc gen cé hoat tinh cao va nhiing gen trudc diy da biéu hién (gen hoat
déng & phéi).

. — ADN Z 14 dang ciu tric siéu xo0én c6 thé lién quan dén déng md gen (2).

— Sy Metyl hoa céc base (3) & t& bao nhén nguyén thuy xay ra 6 A va C, con &
t& bao nhan that & C vi tri 5 Su metyl hoa lam gen ngitng hoat déng. Vi du, nhiém
séc thé X bat hoat dong 8 ngudi thude loai siéu metyl hoa. '

— Su thay d6i cau hinh ¢6 thé anh hudng dén sy biéu hién gen.
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Miic chromatinel DNase (1)

-Dnase I va cdc di€m siéu nhay DNA Z(2)
-ADN Z (2)

-Methyl hod cytosine (3) .

-T4di cdu hinh Methyl Ho:i cytosine (3)

- P Nhiéu loai

Promoter (6)
-Biéu hod vi tri cis (Enhancer) (4)
-Piéu hoa vi tri trans (5)
-Chon promoter (6)
--Diéu hoa suy gidm

Nhén 8

trans (SQEA/AAAA

Spli_cin hdc nhaw (7)

I Miuc saﬁ phién mi l | /\

-Splicing khdc nhan (7)
-Pi€m polyadenine hod
-B46t bién 1én mARN

(A)

_Thdi gian ban phan hiy (8) | H:: Phin hiy (8)
“Biotén (9) Bioton (9)
Dich ma (10)
Miic dich mi :
-Bié€n d8i cdc nhin & khdi sy (10) (A)

— . — Bién d6i sau :
Miic sau dich mi | dich mi Cic protein
-Glycosyl hod... (11)

-Tin hiéu peptide (12} ; . L
-Phéng thich protein Tin hié \ ®
khéi phde hop (13 in hicu p
p ip (13) Peptide (12) .Glycosyl hod
Nhén t§ Kich thxc.h II’ Protein c¢6 hoat tinh
trans (5) . -
Phite hgp (13 @D Ucche
b4t hoat -

Hinh 7.6. S dé vé cac mirc diéu hoa khac nhau
7.3.2. Méic d6 phién ma
Day 1a sy diéu hoa anh huéng tryc tiép dén viéc md hoidc déng gen. Kidu diéu

hoa nay thudng gip trong diéu hoa trao d6i chit, ciing nhu trong biét hoa t& bao
| (xem Hinh 7.6). : |

— Su tac dong cha trinh tu cis (cing phia) ndm trén cing mach ADN nhu
enhancer (doan ting cudng) (4)-
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— Didu hoa bdi cac y&u t6 trans (trai phia) do cic yéu t khéng nim cing trén
mdt mach ADN (5).
— Chon lua promoter thich hgp (6).

~ Diéu hoa suy giam (Attenuation).

7.3.3. Mic d6 sau phién ma

Pidu hoa khi mARN cét bd cac intron va gin céc exon lai véi nhau dé tao
mARN trudng thanh. Nhu vay, cac hé théng Anh hudng dén sy trudng thanh cla
mARN c6 thé kim tra gian tiép biéu hién clia gen tuong tng. Cac mARN cua t&
bao nhan that con ¢é nhiing doan khéng méa hoa lién quan t6i thdi gian tén tai va
ra khoi nhan di vio té€ bao chit (xem Hinh 7.6).

— Splicing (cit ndi) khac nhau (7).

Piém polyadenin hoa khac nhau.

D6t bién trén phan ti mARN.

Ban chu k§ phan huy céia mARN (8).
Sy bao tén cac ARN trong t& bao (9).

7.3.4. Miic 49 dich ma
Su bién d6i ctia cac yéu td khdi dau IF (10).

7.3.5. Mic 49 sau dich ma

Sau khi mach polypeptid duogc tbng hop, cac protein co thé phai trii qua cac bién dbi
thwr cép trude khi co hoat tinh. Vi du, trypsin 1a enzym phén giai protein trong da day chi
¢6 duoc hoat tinh sau khi tién chit cda né (proenzym) khong cé hoat tinh, b cat mét mot
doan polypeptid.

Céc protein c6 thé chiu nhiing bién dbi 1ap thé (allosteric) nhu sy két hop c4c enzym
* v6i mot sb san phdm dic biét co thé 1am thay ddi cdu trac khong gian 1am cho ching c6
hoat tinh (xem 7.6). .

— Glycosyl hoa, phosphoryl hoa... (11): gdn thém cac nhém chit nhu dudng,
phosphat dé€ protein cé hoat tinh.

— Tin hiéu peptide (12) 12 doan gém khoang 20 acid amin nim gin phia diu
N ctia polypeptid, ¢6 vai trd gin polypeptid va ribosome dang dugc téng hgp mach
nay véi luéi noi chét. Trong bd may Golgi, polypeptid dude phéng thich ra ngoai.

- Su phéng thich ra protein ¢6 hoat tinh tit mét phiic hop nhu ti proinsulin

thanh insulin.
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7.4. DIEU HOA HOAT TINH GEN CUA TE BAO NHAN THAT

Trong céc t& bao nhan that ¢6 mot s§ cac diém, ma & dé su bidu hién gen c6 thé
dugc diéu hoa (Hinh 7.7).

, Exon 1 . Exon 2
5
Gen Intron |:|
‘ . : . Phién mé va gin chép (CAP)
5 Bdn sao nguyén thity ¥
Me . . -
77" Gppp . Cit va polyadenin héa
: Bdn sao nguyén thiy Ty '
M
7"Gppp | - F— ] AsssA@
| Y\Tfﬁ
™°Gppp , |  AAAAA ()
Nhin ‘ Lvan chuyén
Tébaochat N
mARN
7“Gppp ' ] aaAsA @)

mARN &n mARN khéng &n
dinh dinh
. Ribosom T:én [hé
Me,
77 Gppp |  AAAAA (m)

Dich ma

Polypeptid

Hinh 7.7. Cac diém cla gen t& bao nhén that cé thé diéu hoa bidu hién
Mbt s6 dic diém chia didu hoa hoat dong gen & t€ bao nhén that can luuy
- —0 cac operon clia t& bao nhin nguyén thuy, céc gen' diéu hoa va céac
promoter thuong ndm gin nhau, nhung & t& bao nhan that thi cac gen diéu hoa it
khi nim gin céc promoter do ching kiém soat.

- — Céc trinh tir ting cudng (enhancer) 14 nhitng trinh tu cling nim trén mot phan véi
cac proinoter, c6 thé c6 hang tram cip base & phia tfude hodic & phia sau promoter ma
ching kich thich. '

— Trinh tu didu hoa 5' & phia trudc cac promoter & t& bao nhéan that thudng rat
dai, ¢6 khi hang chuc kb.

— Co6 nhiéu kiéu di€u hoa ¢.dang cac yéu t0 cd tac dong trans 1a cac protein.
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— Sy phién ma c6 thé dude kich thich bdi céc tin hiéu khac nhau. Sy didu hoa
hoat déng cac gen & t& bao nhin nguyén thuy phan 1én dap lai tin hiéu ngoai sinh.
Ngudc lai, phan 16n su diéu hoa & t&€ bao nhén that 1a dap lai cac tin hiéu néi sinh.

7.4.1. Cac promoter

'I\Icmg tu nhu & t&€ bao nhan nguyén thuy, cic promoter ctia t&€ bao nhéan that
ciing ndm phia trudc diém xudt phéat cia mARN va ciing ¢6 nhiing trinh tu chung
trong tién hoa. Hop TATA dinh huéng cho ARN polymerase bit ddu phién ma, &
phia ngugc chiéu véi chiéu phién ma khoang 30 bp 6 ADN dong vat ¢6 vi va 60
dén 120 bp 8 ADN nim men. Hop TATA hoat dong c6 hiéu qua cung vdi hai trinh
tu tuong Gng phia trudc khodng 40 bp 1a CCAAT va 110 bp la trinh tu giau GC
(Hinh 7.8).

mARN
(a) I—"
...... GGGCGGG ———ewemmeeew CCAAT ———ceee--- TATAT --_._L._. +1
-110 b, -40 bp -30 bp
(b)
........................... TTGACA  oc—eweee—o--on TATAT -—--- +I1
=35 bp -10 bp

Hinh 7.8. Trinh ty nucleotide cia promoter
(a) T& bao nhan that; (b) T€ bao nhan nguyén thuy

Su thay d6i hép TATA lam giam t6¢ d6 phién ma. Sy giam téc d6 phién ma
duge do bing su thay d8i clia ting base trong promoter. Cac thay d6i base ngoai
hép TATA va cac trinh tu phia trudc khong gay tac d@ng d61 v6i su phién ma. Khac
vl promoter ctia t€ bao nhin nguyén thuy, cAc promoter ctia t& bao nhan that kho
dam bo su nhan biét cac tin hiéu mét cach diy di & ARN polymesare khéi dau
phién ma in vivo. Do d6, x04 bd hop TATA khéng hoan toan lam huy bé su bleu
hién gen ma lam thay d6i vi-tri bit d4u phién ma. .

Hop TATA va cac trinh tu ph1a truée phai duge nhén biét bdi cac protein diéu
hoa. Chinh cac protein nay gin vdi cac diém nhit dinh trén hdp TATA va hoat hoa
s phién ma.

Hép TATA c6 & hiu hét cac gen t& bao nhin that Tuy nhién, hiu hét cac gen ma hoa
cho céc protein co ban ndng d§ thip (low-abundance housekeeping protein) lai khdng ¢
hép TATA. Hai trinh tir chung khéc duoc tim thiy & nhidu gen dé 1a: hop CCAAT (phat
&m 1a "cat") thuong thdy & t& bao nhén that bic cao nhur B-globine thé trirdng thanh, ngudi
ta tim thdy khoang 70 bp nguoc chiéu véi vi tri bt ddu phién ma vé ¢6 trinh ty chung la
' CCAAT. Sy khiém khuyét hép CCAAT lam giam phén lén ty 1& phién mé, nhung khéng
lam thay d3i vi tri khéi dAu phién ma.
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Trinh t thir hai dwge biét dén 1a hép GC hay hop Spl, ciing hién dién nguoc chidu &
médt sb céc gen t& bio nhan thét, thuong 13 & trong céc ban sao nhiéu 14n. Vi dy, & trinh tur
. promoter cua gen Thymidine kinase cé 2 hép GC ngugce chidu voi hop TATA (Hinh 7.9).

-100 80 -50 : -30 -10 -1 ADN
{ac ><caar | <6 TATA wl' ARN
e e
Cd thé kig'm sodt Cd the ki€m sodt ’T- - - )
vige gd'n khdiddu chon di€'m khdi phat Bifm khdi phal |

Hinh 7.9. Promoter clia Thymidine kinase ¢é chifa cac trinh tu
ting cudng khac nhau

Hép GC nay ciing c6 kiéu hinh trdi, duge tim thiy & promoter ctia cac gen bao
vé khong c6 hop TATA. Cing nhut hép CCAAT, hép GC cn thiét cho sao ma. '

Pang luu ¥ 13, cd 2 hop CCAAT va GC hoat dong theo ca 2 huéng. Hop GC
tuong tac v6i mdt protein dude goi 1a Spl, con hip CCAAT tuong tac v6i protein ky
hiéu 12 CTF (CTF = CCAAT binding Trascription Factor). N6 1a y&u t3 diéu hoa
trans gin trén hop CCAAT va co thé 1a véi cac protein khac.

7.4.2. Cac y€u td ting cudng (E_nhancef)

Enhancer 13 cac trinh tu c¢6 tac dong cis {(cling phia), ching ting tbc d9 phién
ma.dang ké tit ngay cic promoter nim ngay trén cing mét phan td ADN. Tinh déc
d4o ctia enhancer 12 & chd ching ¢6 kha ning thye hién tac dfng cach xa dén vai
nghin cdp base. Ngoai ra, chung c6 thé hoat déng & bat ky hufdng nao, du & phia
trude hay phia sau promoter. :

Trinh tyr ting cucmg dau tién duoc md ta & virus SV40, dugce dinh vi khoang 200 bp
nguoc chidu véi vi tri bat ddu phién ma clia gen sém. Néu loai bé trinh ty niy s& lam giam
dang ké kha niing phién ma tir trinh ty promoter cua gen sém. Tuy nhién, sy tai chén clia
trinh tu ting cudng '\{éo bét ky noi ndo ctia b gen SV40 s& giir lai mic d6 biéu hién binh
thudng. Hon nita, néu trinh ty ting cudmg SV40 dugce nbi véi gen B-globine thi s& dat ngay
su bidu hién & cach xa 200 bp vé phia trudc hay phia sau promoter B-globine va ngay ca
khi trinh tu khuéch dai SV40 nim cach vi tri khoi ddu phién ma3 t6i vai nghin céip base.
Gén day, nguoi ta tim thdy céc trinh tir ting cudng c6 & cac gen chudi ning globine mién
dich & dong vt c¢6 va va gen albumine chudt. Khoang céach gitta mét trinh tu ting cuong
'va mot trinh tu khéi déng 16n nhét gip & gen albumine chudt 13 10 kb.

Xét mét s6 mit nio dé, cac enhancer tuong tu cac promoter. Ching duge t&
chtic thanh mét day cae trinh tu c¢6 tic dong cis dé nhan biét cac yéu t§ tac dong
(Hinh 7.10). |
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|_—> mARN

ADN

Enhancer Promoter

Gen bdt hoat

— (&

Phue hap hormone - thu the

Enhancer dude
hoat ho'a

Gen bhoat tinh

Hinh 7.10. Su tudng tac cla hormon steroid véi enhancer
Hormon glucocorticoide gin vio protein thu thé hoa tan trong phiic hop nay
sau d6 lai gén vao enhancer kich thich phién ma.
Cée trinh ty tai cis c6 dic diém chung 13 chiing thudng ¢6 ciu tric gém hai
phin dd1 xting nhau. Vi du, trinh ty dap dng véi hormon tuyén giap (TRE -
Thyroid hormon Respone Element) dué: day:

s
AGGTCATGACCT
TCCAGTACTGGA
-—

Sé di nhu vay 1a vi céce trinh tu nay thudng ti€p nhén céc protein diéu hoa
(y&u t6 trans) dudi dang dime (c&u tao tif hai tiéu don vi).
7.4.3. Cac yéu td protein tham gia vao qua trinh diéu hoa biéu hién gen,
cac y&u td trans '

Dic diém chung ctua cac yéu to trans 13 gdm it nhat 2 ving cdu tric -~ chie
néang chinh: | '

_ Ving gén yéu t6 trans vao ADN.

— Vung tac déng 1én sy phién ma.

Cac vang cdu tric — chiic ning nay ddc lap v61i nhau.

Tién hanh ghép hai trinh tu ADN cé ngudn gdc khac nhau: vung tac dong
phién ma 14y tift mdt yéu t6 trans 6 dong vat cb vi va vang gin vao ADN l4y tit yéu
t8 trans 6 ndm men. K&t qua tao ra mot y&u t6 "lai" ¢6 kha ning hoat hoa cac gen
dich tudng ting 4 n&m men. Gen dich 12 gen mang trinh tu ti€p nhan yéu td trans.
Ngoai hai viing ké trén, nhiéu y&u t& trans con mang mét s6 ving khéc nhu: vang
gin hormon, cac ion... (Hinh 7.11).
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N —as lc D E |
Hinh 7.11. Cau tric mdt yéu td trans
Hinh 7.11 cho thdy cfu tric cia mdt thu thé tuyén gidp (THR — Thyroid
Hormon Receptor) bao gém nhiéu ving ciu tric va chfic ning, trong d6 hai viing
dugc biét rd nhat la:

— C: viing gén 1én ADN.

— E: viing tiép nhéin hormon tuyén giip.

Hormon tuyén giap khi gén 1én ving E ctia thu thé sé lam bién d6éi ciu hinh
thu thé. Lic d6, viing C cta thu thé c6 thé gén 1én viing ADN diéu hoa clia cac gen
dich va kich thich sy phién ma cia cic gen nay.

Cac ké&t qud nghién cttu cho thdy cac y&u t8 trans cé th€ phan vao bén nhém
ciu tric: -

— Ngoén tay kém (zinc — finger).

_ Xofn — vong — xoén (helix — turn — helix).

~ — Xodn — cudn — xoén (helix — loop — helix).

— DAy kéo leucine (leucme — zZipper).

Nhu vay, cac gen t&€ bao nhén thit duge hoat hoa béi hai trinh tit ADN co6 tac
déng cis 14 promoter v enhancer. Ching dudc nhan biét bdi cac yéu td protein cb
tac ddng trans. Cac yéu t6 nay cho phép ARN polymerase khdl su phién ma va dat
t&c d6 phién ma t61 da (Hinh 7.12).

Enhancer _ . . Prdmoter

. Khéng phién ma

Cdc y&u t6 phién ma (thi du Spl, CTF va
cic yéu t& twrong Wng v4i hip TATA)

—

«— Y&utd gdn vao énhancer

Q «— Yé&u t§ gdn vao promoter

Phién ma

Hinh 7.12. Co ch&"ti#p xiic trire tigp™ cha trinh ty enhancer

160




7.4.4. Hormon

Hormon 13 mdt trong cac chit diéu hoa ndi tai ctia hoat tinh gen. D6 1a nhiing
chit dudc tao ra do mot loat t& bao ¢b tac déng dén cac t& bao khac. Cac hormon
chi tac doéng dén cac t& bao c6 thu thé tuong dng. CHu truc thu thé bao gdm nhidu
ving trong d6 c6 2 ving dude biét rd nhat:

— Ving gan vao ADN véi hai cdu triic "ngén tay kém" (zinc finger).

— Viing gén vao hormon.

Su tuong tac hormon véi thu thé gay ra tin hiéu tac déng dén cac vung dic
hiéu ciia ADN, lam hoat hoa gen ho#c nhém gen tuong iling.

— Cac hormon c6 thé kich thich phién méa bdi mét trong cac co ché sau:

— Tach ADN khdi histone va tao diéu kién cho ARN polymesare bit dau
phién ma.

— Tac déng nhu mét chit cAm ting, gdy b4t hoat phan ti tic ché.

— Gén truc ti€p v6i doan ADN dic hiéu, tao thuin lgi cho ARN polymesare
gin vao dé phién ma.

— Hoat hoa protein hiéu ting, tac thanh phiic hgp hoat ho4, kich thich ARN
polymesare gén vio dé phién mi.

— Gén véi protem tao phiic hgp hoat hoa, lam cho ARN polymesare gan vao
phién mi.

7.5. SU KIEM SOAT CAC CHAT THUONG GAP TRONG NHAN

Mbt s6 nhém phén té hién dién nhiéu trong t€ bao nhén that nhu histone, cac
thanh phin ctia bd may dich m4, cdc thanh phén cha mang, t& bao,... Dé duy tri s
lugng 16n ching trong t& bao phai ¢6 cac chudng trinh:

— Phién ma lién tuc va lip lai trong chu trinh t€ bao.

— Lap lai cac gen.

— Khuéch dai ngoai nhidém sic thé ctia céc trinh tu gen déc hidu.

7.5.1. Su déi dao ARN

Khong phai tit ci cac gen déu biéu hién 6 cing mot mic d6. Didu nay dan dén
su khac nhau dang ké vé miic d6 tap trung clia cac mARN va céc protein riéng Ié.
mARN duge phéan chia mét cach gugng ép thanh 3 nhém: du it, trung binh va nhiéu.
Mot t& bao 6n dinh ¢ duéi 100 mARN du, mdt vai t& bao chi c6 1 hoac 2 mARN du.
Trong mét t& bio, trung bink ¢6 khodng 33% tong s6 mARN 14 mARN du nhiéu, moi
mARN du nay cé thé chiém t6i 1% tré 18n trong tongs6' mARN cua t& bao.
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Kiéu hinh ctia mét t& bao 1é thude rit nhidu vao qua trinh téng hgp cﬁa‘m(’jt
ho#c vai protein du, vi vay cin phai ¢6 cac phan tid mARN du. Vi du, globin trong
t& bao ludi ndi chét, sdi co va myosin trong cac t&€ bao cd. Vi vay, cac mARN du
nhidu thudng 13 cic ban sao ctia cac gen chuyén biét cia t& bao.

Mbt t& bao chiia vai tram mARN du trung binh, chiém khoang 33% téng s6
mARN t& bao, nhung méi loai mARN du chi chiém 0,1- 0,5% téng s6 mARN.
Phin mARN cdn lai cla t& bao gdm cic ban mé-sao du it. C6 khodng 10000 ban
ma sao nhu vay trong mdt t& bao dién hinh, méi ban sao dai dién cho it hon 0,01%
tong s6 mARN. '

Badng 7.3. Cac nhém mARN du & véi tring ga va gan chudt nhat

Loai té bao Nhom dur % clia tong mARN Sélugng cdc logi
trong nhdm mARN khac
Nﬁiéu 50 1
Vi triing ga Trung binh 15 7
it 35 12500
Nhiéu 22 1 9
Gan chuét nhat Trung binh 41 700
it 37 11.500

Cac nhém gen du it hay du trung binh déu nhay cam khéng kém so véi du nhiéu.

Cac loai ARN khic ciing c¢6 hién tugng du. 0] Xenopus cb ving t6 chic hach
nhan chiia 450 ban sao caa ADN ma hoa cho rARN 18S va 28S. Ngugec lai, trong
mdi nhén ¢6 tit 20000 ban mi sac cla cde gen mé hoa cho rARN 58 va cac gen nay
khéng ndm trong ving t6 chiic hach nhén.

Cac gen ma hoa cho histone cling c6 nhiéu ban sao duge l4p lai hang tram 14n.

Su déi dao clia cAc gen néu trén dam bao di s§ lugng can thiét cho dich ma khi

cAn phai tdng hop hang triéu phan ti protein.

7.5.2. Su khué&ch dai gen

Mot vi du vé khuéch dai gen trong nhan 13 cac ch8 phinh (puff) cha nhiém sic
thé khéng 16 hay da s¢i ¢ tuyén nuée bot Drosophilla. 3 cac chd phinh nay, ADN
nguyén nhidm sic duge khuéch dai khodng nghin Jan. ' '
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Trong nhén cda t& bao triing Xenopus c6 t6i hang trim nhén con ngoai nhiém
séc thé véi kich thudc khac nhau. M&i nhén con chita cic vong rARN cb kich thuéde
khac nhau, vai trdo chua ré. Cac ADN vong nay gan sinh nhidu rARN dé 14p rap
thanh nhiéu ribosome.

Tém lai, sy bidu hién ctia cac gen & t& bao nhéan that rat phic tap. Tuy vay,
hang nghin promoter dudc diéu hoa dé tao ra cac mARN & miic 46 hgp ly.

Tom tdt:

Kich thudc va ciu tric bd gen té bao nhan that phiic tap hon nhiéu so véi bd

~ gen cua t€ bao nhan nguyén thuy. ADN ctia bd gen t& bao nhén that c6 miic d6 lap

lai cao, trung binh va don doc. A
Su didu hoa biéu hién gen duge thuc hién & t&€ bio nhén that & nhiéu mic dd
khac nhau: ‘

2 . ~ =K < 2 Y -~ N ~ . ~ - TIA 2 -
— O mic d nhiém sic thé, phién mi, sau phién ma va dich ma. B6 may di

* truyén khéng nhiing c6 cac gen cfu triic ma con ¢b nhiing trinh ty khic tham gia

bidu hién gen.

_ (3 t& bao nhén that c6 nhidu cé ché didu hod hoat déng gen phic tap nhu
céc yéu t6 cis (enhancer), cac yeu t& trans, cac hormon. Ngoii ra, con c6 sy du déi _
dio ctia mét s6 ban mi sao va su khuéch dai mét s§ gen can thiét cho hoat déng
cua t& bao. -

CAU HOI
1. Giatri Cla:
| a) Téng s6 nucleotid c6 trong t& bao b) Kich thude nhidm sdc thé
c¢) Kich thuéc gen : d) Kich thuéc bd gen ludng bdi

e) Kich thuée bd gen don bdi
2. Nghich ly gia tri C |
~ a) La gi4 tri nghich do ctia gia tri C
b) Su khéac biét gitia gi4 tri C cua sinh vat bac cao véi vi khuin
¢) Su khac biét gilia gia tri C ctia ngudi véi sinh vat bac cao khac
d) Sy khéng tuong xiing giita kich thuéc b gen véi s8 gen
e) Su khéng tuong xding gifia b gen don bsi va ludng boi
3. Cac trinh tu lip lai 3 ADN t& bao nhan that gdm: "
"a) SINE b) LINE ¢) CEN -'d) TEL e) Tat ca
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4. Trinh ty TEL

a) Thudc nhém telomer b) Bao vé ddu mut nhiém sic thé
¢) Kiém ham su tién hoa d) Khéng gin véi mang nhén
e avab
5. Trinh tu SINE
a) Con goi 13 Alu b) Khéng chita nhém Alu
¢) Ngén hon LINE d) Dai hon LINE
elavad o

6. Gen gia la:

a) Trinh ty lap lai thap b) Trinh ty lap lai cao
¢) Trinh tu déc nhat d) Khéng ma hoa cho protein
edevad '

7. Céc hormon cé thé kich thich phién ma bing cach:
a) Tach ADN khi histone
b) Tac ddng nhut mot chit cam ting
¢) Hoat hoa protein hiéu Gng
d) G&n véi protein tao phiic hop hoat hoa
e} T4t ca '

8. Cac mic diéu hoa biéu hién gen & t& bao nhéan that

a) Chat nhiém séc b) Phién ma
¢) H4au phién ma d) Dich ma va héu dich ma

e) Tat ca
9. Enhancer
a) Cé tac dong cis
* b) Hoat d6ng theo kiéu trans
c¢) Cé kha ning thuc hién tac dé}ng.céch xa dén vai nghin cip base
d) Hoat déng theo hudng 5" — 3’ '
elavac
10. Diéu hoa hoat déng gen & t& bao nhan that khac t& bao nhan nguyén thuy
a) Trinh tu diéu hoa 5' thudng rat dai
b) Trinh tu diéu hoa 3' thudng rat dai
c¢) Chua y&u dap ting lai tin hidu ngoai sinh
d) Cht yéu dap tng lai tin hidu néi sinh -

e)avad.
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i8
POT BIEN GEN

MUC TIEU

— Trinh bay duge nguyén nhén va héu qud cia dét bién.
— Trinh bay duge cdch t& bao sita chita ADN hu héng dé tranh d‘étrbié'n.
— Nhén dién dugec mot s6'bénh di truyén & ngudi do dét bién gdy ra.
— Trinh bay duoc tic &6ng ctia cde yéu t6' gay dot bién.
~ M6 ta duoce viée st dung cdc yéu t6 gay dot bién trong phong thi nghr.em vd edo
phuong phdp chon loc dét bién & vi sinh vét. :

8.1. MO DAU

D6t bién theo nghia rong chi cac bién déi di truyén xéay ra dot ngdt. Mot dot bién gen
12 mot sy thay dbi trong trinh ti nucleotid trén gen, dén dén két qua 1a tao ra mot protein
d6t bién voi trinh ty acid amin thay ddi hay tac déng dén qua trinh diéu khién su tdng hop
cha cdc san phim gen. Néu protein ddt bién ¢6 chire nang khéc v6i dang tu nhién thi sé& tao
ra mdt thay ddi twong img & nhimg ddc tinh cé thé quan sat duoe va tao ra thé @6t bién.
Su khac biét c6 thé do hoat tinh hay tinh 6n dinh cia enzym. M6t sb dét bién c6 thé tdn tai
trong quan thé bén canh céc dang tw nhién lam thanh mét thé da hinh. Trong thé da hinh,
khong thé phan biét giita dang dot bién va dang tr nhién. ‘

Dot blen x4y ra 6 cac té bao khong sinh san dudc goi la d6t bién smh dudng va
tao ra cac thay ddi ¢6 tinh cuc bd, khéng di truyén duge nhu & cac u sic t6 ngoai da
ngudi, tao ra ndt rudi. Nhitng d6t bién sinh dudng cling c6 thé 1a nguyén nhén giy
ra ung thu va c6 thé 14 nguyén nhén cua sy lao hoa.

Dot bién xdy ra trong giao ti duge goi 1a dast bién dong mim va dutdc truyen
cho ddi sau. Khi nghién ctiu-cae-dét-hién-giao tii va-do-ti-1é dot bién 6 sinh vat da
bao néi chung va ngudi néi riéng can xétdén/tiuhludng boi. Hau hét cac dot bién
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gen 13 dot bién lin va sé khéng duge phat hién néu hgp tit khéng c6 hai ban cia
allel dot bién. Do d6 viée phat hién va do tin s6 dot bién phai dya vao quan sat céc
d6t bién troi dang xay ra trén nhidm sic thé thudng, cac dot bién 1in va trdi trén
nhidm sic thé X. Vi dy, chiing loan san sun xay ra rai rac 12 béi cac d6t bién mdi
trong gen cla thu thé y&u t8 ting trudng nguyén bio s¢i. Trong mét nam cé bay
tré sd sinh bi loan san sun trén téng s6 242 257 tré sd sinh, ti 18 14 7/242 257 x 1/2
(2 alleV/hgp td) = 1,4 x 107 °,

¢ ngum cic gen c6 ti 16 dot bién cao (khoang 10~ %) 1a bénh u xo than kinh
(NF) va bénh loan dudng cé Duchenne (DMD), ¢6 ti 1& dot bién thap (khoang 10 9
la gen bénh Huntington. Su cach biét hang tram l4n cho thay ti 1& dét bién gen c6
thé khac nhau that su.

(6 hai giai thich cho sy khac nhau vé ti 1& d6t bién cua cic gen:

— Kich thuéc dich: gen NF va DMD c6 viing mi hoa protein rit 16n, cé nhiéu
base ¢6 thé bi thay déi hojc 1am m4t chic ning cua gen.

— Diém néng: moét s§ gen nim trong viung nhiém sac thé nhay cadm hdn véi su
phé huy/ thay déi di truyén hodc gen c6 chia cac trinh tu dé bi thay di bdi cac dot
bién tu phat hon. Vi dy, gen chiing loan san sun cé chiia diém néng (trinh ty CpG).

Trong tu nhién, du trong diéu kién nao, t&t ca cac gen déu c6 dot bién duge goi
14 d5t bi€n tu nhién hay d6t bién ty phat. Cac dét bién tu nhién thuong xuit hién
r&t it. Cac gen khéc nhau ciia cang mét sinh vat c6 thé cé tin s§ dt bién khac
nhau nhung tn s6 dot bién tu nhién d6i véi mbi gen 1a 6n dinh.

Téan s8 dot bién dude danh gia cin ct trén mdt 14n sao chép, mt 14n phan bao
hay trén mot giao tii va trén mdt t& bao trong mot thé hé (Bang 8.1).

Bdng 8.1. Tan s& dot bién tu nhién clia mét s& gen

Sinh vét Dot bién _ Tan sé Can curddnh gid
Thuyc khuan thé T, |Kim ham taor —r* 10"  |Dat bién gen/ Ian sao chép
E. coli Lén men Lactose Lac™ — Lac* | 2.10°7 |T& bao dot bién/lan phéan bao
' Leu™ — Leu* ' 7.1077 |Dot bién / t€ bao
Arg*— Arg~ 4.10-° . |Dét bién /té bao
ATrp* > Trp~ 6.10°¢ |D6t bién / té€ bao
Ara®— Ara” . 2.10°% |Dot bién/ t€ bao
StrS — StrR (nhay — khéng Str)| 4.107% |Dét bién / t€ bao
Neuospora crassa|Adenin: ade™ —» ade” 4.10°% |Dét bién / bao tir vo tinh
Bap R — r (d6 —» tring) 4,92.10 % |Dot bién / giao tir
C — ¢ (mau — khéng mau) Dét bién / giao
Wx — wx (t& — nép) Pat bign / giao tr
Y - y (vang — trang) 2,2,10°° Dot bién / giao t
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Sinh vat - Dgt bién Tén sé Cén cir ddnh gid

Drosophila W-ow - 10-%  [Dot bién / giao t
e*— e (mau den hd phach) 2105 |D6tbién / giao tl

ey*—> ey (c6 mit > khong mét) | 6.1075 [Pt bién / giao tlr

Tan s6 dot bién c6 thé hidu mot cach dao ngude. Vi du, rudi ddm than xam
binh thudng (e *) d6t bién thanh than ¢ mau den h phéach e (ebony) vdi tin s6
2.10 %, nghia 13 trong 10° giao tt c6 hai dt bién ti e * — e. Hodc vi du E. coli dot
bién nhay cadm véi streptomycin thanh khéng streptomycin véi tdn s6 4.10 1 dot
bién trong mét t& bao & mot thé hé. DE dé hiéu ta cé thé tinh ngugc lai, tic la trong
10 ti t& bao ctia mdt thé hé ¢6 4 d6t bién StrR xudt hién ngau nhién.

Tuy tdn 8 d6t bién clia timg gen 13 rit thip, nhung tong céc dot bién cla
nhiéu gen 13 mét s6 dang ké, c6 ¥ nghia quan‘ trong trong tién hoa. Céac két qua
nghién ciiu in vivo vA in vitro trén t& bioc ngudi cho thdy ti 1& dot bién & nguvi
khoang 10~ %/gen/th& hé. Cac vi sinh v4t t& bao nhan nguyén thuy va t& bio nhén
that ciing ¢6 ti 16 dot bién tuong tu. Cé thé udc tinh cac thay d6i xdy ra trong mdi
thé& hé dua vao ti 16 d6t bién ngudi nhu sau: 10~ ° dot bién/gen x 5.10" gen/bd gen
don bi bing 5.10 "% dbt bién trén giao tit (5/100 hodc 1/20). Mdi hgp tit ¢6 (1/20).
2 giao ti trén hgp ti bing 1/10 co hdi mang dot bién méi dau d6 trong b gen.
Con s nay c6 vé rit cao nhung cin nhé ring hau hét cac dot bién 1a lin va nhu
vy sé khéng duge biéu hién trong diéu kién di hgp tii.

Su thay déi cac base 6 thé xay ra trong viing khong maé hoa ctia phan ti ADN
va céc acid amin bi thay d8i ciing cé thé khéng phai Hic ndo ciing lam thay a6 dic
tinh protein. Do vay, thay d6i trinh tu nucleotid ¢ thé& khong biéu hién thanh sy
khac biét tinh trang va do dé khong phai la d6i tugng ¢ta chon loc. Cac dot bién
lin tich tu trong bd gen. _

HAiu hét cac d6t bién 1a bt 1gi va do d6 cac cd ché dic hiéu thudng dude dung
@8 gidm thidu cac bién déi trong chudi ADN hodc phuc hdi trinh tu gdc bang cach
sua chifa cac dét bién.

Trong phong thi nghiém, dét bién cung cip céng cu cb gia tri cho viéc nghién
citu su sip x&p cac gen, chiic ning cla gen va céch kidm soat hoat déng cfia ching.
Thuyc hién diéu nay 8 vi sinh vat dé hon 12 § sinh vat bac cao.

K% thudt cdm itng d6t bién da dude sit dung trong cdy tréng va vat nudi dé
tao ra cac chﬁng. méi va trong céng nghé vi sinh hoc hién dai dé tao ra cic ching vi

. Py N w - o “ g =
sinh vat lam tédng nang suit va tac ra san phéimn \midi.
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K§ thuat tai t6 hop ADN cho phép chén mét d6t bién dac hiéu vio mt gen quy
dinh trude (d6t bign diém dinh huéng) cé thé tao ra cic ddt bién t6t va hitu ich.

8.2. CAC LOAI POT BIEN

8.2.1. D6t bién diém

Dot bién diém 1a két qua clia thay dBi mdt base trong chudi ADN gay béi tac
nhéan gdy d6t bién hoic sai sét trong sao chép ADN. '

8.2.1.1. Thay thé cdp nucleotid

Phé bién nhat 14 chuyén vi, pyrimidin dude thay thé bdi pyrimidin khéac hay
purin bdi purin khac (A > G, C & T). Su chuyén vi, bt cap sai, c6 thé gay béi acid
nitrg hoic cac déng ddng base nhu 5 - bromo - 2 — deoxyuridin (BrdU). Cach dét
bién diém it phd bién hon I3 dao chuyén, pyrimidin dudc thay th& bdi purin hay
purin bdi pyrimidin (C/T <> A/G). Dot bién diém cb khuynh huéng déc trung 13 dot
bién lii (héi bién), nghia 1a chuyén lai dang nguyén thuy. Difu nay xay ra vi lan
dot bién ti€p theo tai cing mdt diém cé mét phén ba co hdi quay lai chudi ban dau.
(6 ba loai d6t bién diém tuy theo codon mang d6t bi€n ma hoa:

— D6t bién lan hay con goi 14 dét bién cing nghia: mé hoa cho ciing acid amin,
khéng c¢6 anh hudng dén 'proi.:ein cudi. Vi du, codon GCA hosic GCG trong mARN
déu nghia 1a arginin (loai nay thutng ding véi d6t bién chuyén vi 6 vi tri thd ba —
base "linh hoat" ctia codon).

— Dot bién léch nghia: ma hoa cho acid amin khac, ¢é thé lam protein khong cb
chite nang. Vi du, trong chudi protein B - globin giy bénh thiu mau hdng cau
hinh 1:1é‘fn, ‘GAG mia hoa cho glutamat; néu thay bing GUG s& m3 hoa cho valin.
Dot bign léch nghia ¢6 thé giy hau qua rit nghiém trong nhu thi€u mau t&€ bao
1u6i 1iém, hodc nhe nhu hemoglobin C (acid amin vi tri 6 cia B — globin bi thay thé
béi acid amin khac) hosic khong cé kiéu hinh.

— Dot bién v6 nghia: md hoa cho codon két thde, cé thé lam cut protein.
Tac déng ctia cac dot bién vd nghia tuy thude protein bi cut bao nhiéu va mic do
¢in cho hoat ddng cha protein. |

Dét bién thay thé base ¢6 thé x4y ra trong promoter hoic cac vung diéu hoa 5
ctia gen hod#c trong intron va ¢é thé anh hudng dén sy phién m4, dich ma hosc mic
xodn bén cua ADN. Nhiéu P — thalassemia 13 hiu qua caa cac dot bi€n khong ciu
tric nay anh hudng mtc biéu hién cac gen globin. Midc d6 anh hudng tuy thude
nucleotid bi thay th& va vi-tri.ctia-né trong ADN. ' :
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Lé&ch nghia UAC Ciing nghia
yrosing

4

CAC UAG UAU
Histidine : Tyrosine

+ v }

Protein la - Protein khéng dusfe Protein binh thidrng
ting hap
Hinh 8.1. Cac loai dot bién diém
8.2.1.2. Pét bién léch khung

Cac d6t bién nay do chén hoéc mit mdt hodc nhiéu nucleotid trong vung ma
hoa cia gen. Diéu nay lam thay ddi khung doc, vi cac codon la cic nhém ba
nucleotid nén ¢6 thé ¢é ba khung doc nhung chi mdt cai duge dung. Dot bién loai
nay thay ddi tat ca acid amin phia sau dot bién va rat dé tao san phdm khong chic
nang vi khac hin véi protein binh thudng. Ngoai ra, cac khung doc sai thudng
chiia cac codon stop, s& lam qua trinh téng hgp protein ditng sém.

Viéc thém ho#c b6t moét nucleotid vio khung doc sé lam thay d8i acid amin ké
tit d6 trd di. Néu dot bién thém ho#c bét cing x4y ra trén mot phén tii ADN thi do
trao d6i chéo giiia cac base tuong ddng ma dot bién Am c¢b thé stia chiia lai khung
doc sai do d6t bién duong gy ra. Nh& d6 chi ¢é acid amin nao nim giiia hai diém
dot bién bi sai ma thdi. Nhu vay, dot bién 4m di tac déng nhu médt dot bién kim
ham ngoai gen déi véi dot bién duong hodc ngudc lai.

8.2.2. Dot bién da diém

Céac dot bién da diém 14 nhiing thay d6i tac dong den hon mét base, thay dcn tu
hai dén hang ngan base, nhlmg thudng nhat la chi vai base. Hau qua thudng la
x04 bo mét phan cua trinh ty ma hoa. Dot bién da diém khong cé tinh héi bién,
nghia la dot bién duge én dinh.

Su x04 mét doan 16n sé lam thay d61 hoan toan protein tao ra, tham chi xo4 bd
doan ngin ciing giy hau qua nghiém trong néu né lam thay d61 khung doc, nghia
14 néu sb lugng base bi xoa khéng chia hét cho ba.

Su chén da diém cé thé xay ra do gen nhay hodc cac 15i khl sao chép cta cac yé&u
t8 1ap lai (vi du cac lap lai AT). H#u hét khi gen bi chén s8 bi léch khung hoéc thay
d6i két ndi trong mARN, ea hai trudng hop nay déu 1am thay déi san phim cla gen.
Gen nhay dai t6i vai ngan base (kb) va vi vy, né lam ngung qua trinh phién méa va
dich m& ctia bat ky gen ndo ching xen vao. Gen nhay ¢6 hai loai, retrotransposon va
transposon. Cac transposon-c6 thé dichuyén truyc tiép tit vi tri nay sang vi tri khac
trong bd gen, retrotransposon tride hiét dude phisnma thanh ARN va sau dé trd lai
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thanh ADN nhd enzym phién ma nguge va chén lai vao b gen. Transposon rit c6 ich
cho cac nha nghién citu 1am céng cu dé bién ddi ADN trong co thé s6ng.

8.3. NGUYEN NHAN POT BIEN

Cé6 hai loai dot bién 1a dét bién ty nhién (xdy ra mét cach tit phat) va dot bién
cam tng, giy ra bGi cac tdc nhin dét bién.,
8.3.1. D6t bién ty nhién

Cac d6t bién xay ra trong tu nhién mét cach ngiu nhién véi tdn s6 nhat dinh
va khéng xéc dinh duge ngudn gée. Bat ky mét tién trinh nao din dén su gin sai
base trong qua trinh sao chép ADN sé tao ra mét dot bién diém. Tan sudt sai s6t
tu nhién vao khoang 10~ '° base. Ty 18 nay thap dat duge nho kha nang sita 16 caa
cac ADN polymerase chii yéu. Cac enzym nay kéo diai ADN theo huéng 5' — 3
nhung c¢6 hoat tinh exonuclease 3' — 5. Né&u 16i nim giita base ‘dufc_ic chén cudl
cing véi sdi khudn duge phat hién, enzym loai bd base sai va thay thé base dng
vao. Chudi ma ctia mdt protein trung binh 300 acid amin 14 khodng 1000 base
chidu dai. Ty & dot bién tu phat 13 mot trong 107 ban ma sao cia gen sé c6 mot dot
bién diém, nghia l& 10~ 7 t& bao sé c6 ddt bién vé gen dé. '

Pot bién ty nhién & mic phan ti gdm 6 hé bién, khi amin, chuyén vi, dao
chuyén, d6t bién léch khung, oxy hoa phé huy.

— 13 bién: 4 loai base trong ADN c6 thé tdn tai & dang hd bién, tirc 14 ¢6 kha ning ton
tai hoan chuyén giita hai dang (Keto <> Enol vi Amino <> Imino). Base pyrimidin binh
thuong ¢ dang keto (C=0), nhung d6i khi ching ciing c¢6 dang enol (C-OH). O dang enol,
. thymin c6 thé bat cip voi guanin va enol cytosin c6 kha ning bét cip véi adenin
(Hinh 8.2-a) tuong tr base purin binh thudng tdn tai duéi dang amino (NH,) nhung ciing
c6 dang hé bién imino (=NH) hiém gap, c6 thé din dén su bt cap nhim. Néu trong khi
ADN sao chép, G ¢ dang enol, polymerase s& thém T vao thay vi binh thudng la C vi quy
ludt bat cap bi thay ddi (khong phai do 131 ciia polymerase). K&t qua 1a su chuyén vi G-C
thanh A-T; sur h8 bién chi giy cac dot bién chuyén vi. ‘

— Khit amin: Céac phan tmg khir amin théng thudong 13 phan img thiy phin cytosin
thanh wracil, qua trinh nay phéng thich ammonia va khir amin 5-methylcytosin thanh
thymin va ammonia (Hinh 8.2-b). Trong ADN, sy khir amin cytosin tu phat dugc chinh lai
béng cAch loai bé uracil (vi uracil khéng cé trong ADN) va thay thé bang cytosin, con sy
khir amin 5-methylcytosin khong dugc chinh vi co ché sira chita khéng nhén dién Thymin
la 18i. Trong ADN bd gen cytosin tai cac trinh ty CG (CpG) thudng bi methyl héa, diéu
ndy nghia 1a & ddu CpG xay ra trong gen, né 13 “diém néng” cho dot bién. M6i diy ngudi
ta tim thiy trong gen lién quan dén lean san sun c6 nhirng diém néng ninr vay.
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— Dot bién 1éch khung (chén hoéic maét trén mot soi), thudng 12 181 clia polymerase khi
sao chép cac doan lap lai cia mot nucleotid. M&i polymerase ¢ d¢ chinh xac khéc nhau.
Yéu t6 chinh anh hudng dén do chinh xac cua polymerase la hoat tinh exonuclease doc sira
3°.5%, Joai bo céc base bét cip sai chén vio bdi polymerase. '

- Oxy hoa pha hiay do cac gbc oxy. Cac gbc oxy ting trong té bao do chuyén héa oxy
hoa (va ciing duoc tao boi cac tac nhan vat 1y nhu tia phéng xa). San phim oxy hoa quan
frong 14 8-hydroxy guanin bét cap sai voi A, tao dao chuyén G-C thanh T-A.

(a) *Thymin (R=CH3) (b)
hay Bromouracil (R=Brom) Uracil I'll Adenin
R Q- R 0 ---——N N H

. ‘ 7 Ny ‘Y |
H— N —H --- i N—H---N De]:x\yribose
N-—< N

N— )

/, -
Deoxyribose O Deoxyribose O H
Keto
“ Khdlamin hoa

Ddng phdn hoa

R f;'

——H---- . N —H -=~
R 0—H R H---0 Njﬁ/ﬂ
Ut N H—<’  N--H—N '\D NSribese
/N : \< N :\’ >_—N ecoxyribose
Deoxyribose O ---- Deoxyribose O--—-H—N "
| Guanin
-Enrol : Cytosin H

Hinh 8.2. Higu qua djt bién cha sy thay déi tinh chat cap base b6 sun
(a) d6ng phén ca thymin va 5 - bromouracil; (b) su khir amin hoé cytosin thanh uracil.

8.3.2. Dot bi€n cam ing

Céc tac nhan 1am tang tin s& dot bién cao hon mic ti nhién dudc goi 1A céc téc
nhan giy dot bién. Cac tac nhan nay c6 thé€ lam thay d8i cau triie hoic trinh tu
ADN. Céc tac nhan vét Iy gay dot bién nhu phéng xa, tia X, tia ti ngoai... Nhiéu
hoa chit 14 cac tic nhin giy ddt bién nhu cac dbng ding clia cAc base nitd, acid
nitre (HNO,), cac chit alkyl hoa manh.

8.3.2.1. Tac nhdn hod hoc géy doét bién

- Ngudi ta bt ddu bi€t dén tac dong giy 36t bién chia chat hoé hoc khi sit dung
khi ngat nit trong Chién tranh th& giéi 14n thit nhit va hai, chét nay c6 thé gay
d6t bién trong t& bao. Sau d6, nhiéu chét hoa hoc gay &6t bién khac da dude xac
dinh v3 dugc kidm so4t nghiém ngat. C6 thé phan biét cc tic nhan dot bién hoa
hoc dua vao kifu tic dung cta ching, mdt 56 ch#t giy dot bién theo co ché tudng
ty dot bién ty nhién, mot s6 khiceded ché& gifing biic xa. '

Téc nhén gy d6t bién hod hee e6 thé duec chisra 1am 4 nhom:
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- Nhém base dong déng.

— Cac chat hoa hqc thay d8i cdu tric va dic tinh bAt cip cla cic bas'e,‘ gém:
cac chit khi amin va céc chit alkyl hoa. - '

~ Nhém chén vao ADN (tac nhan lam léch khung).

— Céc tac nhan thay déi ciu tric ADN.

Base dong ddng:

Céc chét hoa hoc nay ¢6 ciu tric hoa hoce gidng cic purin va pyrimidin va cé
thé dudc gén vao ADN tai vi tri clia cic base binh thudng khi sao chép ADN.

— Bromouracil (BU) 12 hop chit nhén tao diing rdng réi trong nghién ciru. Giéng véi
thymin (c6 nguyén tir Br thay cho nhém methyl) va s& gin vao ADN va bét cap v6i Adenin
gidng nhu Thymin. Cé nhiéu kha ning hd bién thanh dang enol (BU*) va cé kha niing bit
cip v6i Guanin. Nhu vay, BU ¢ thé x4m nhdp va bt cip bd sung véi Adenin thay cho
‘Thymin tao A-BU va & vong sao chép tiép theo BU lai hd bién thanh BU* va bit cip véi
Guanin tac BU*-G, do d6 A-T du_(jc thay thé thanh G-C (Hinh 8.3-a). Trong khi d6 BU*
c6 thé xam nhip sai, khi gén thay chd cho Cytosine tao G-BU*, sau d6 BU* lai h3 bién
thanh BU va tiép theo bét cip voi Adenin tao A-BU va & vong sao chép tiép theo Adenin
bét cap voi Thymin thanh A-T (Hinh 8.3-b).

— Aminopurin 14 déng ding ciia Adenin, c6 thé bit cap v6i Thymin hodc (rat
ft} véi Cytosin, giy chuyén vi A — T thanh G — C hodc G — C thanh A -~ T. Cac déng
. dang base gy chuyén vi nhu gdy hd bién tu phat. L
@) | - - . ‘

_______ T (Mach khudn A) ----:-_BU

Sao chép- l

(Mach khudn BU*)

W““ﬁ : Sao chép : : ""ﬁi
. — (Mach khuén G) A BU*

- (b)
Sao chép ] S
Wﬁ (Mach khudn G) Wﬁ
4 D AR C Budc dot bién X N X BU*

- Sao chép |
{Mach khuén BU)

: ,Wﬁnﬁ Sao chép W""‘ﬁ
NS e T (Mach khuén A) : NS N X BU

. Hinh 8.3. Tac ai_ing gay.dét.bién.clia. bromouracil (BU)

172




Cdc chédt hod hoc thay déi cGu tric va ddc tinh bdt cdp cua cdc base:

_ C4c chét khir amin. Vi du dién hinh: acid nitro tao boi sy phan giai cac nitrit (chat
bao quan) trong thuc pham bién cytosin thanh uracil, methylcytosin thanh thymin, va
adenin thanh hypoxanthin khir amin, hypoxanthin trong ADN bét ciip voi C gy chuyén vi.
Methylcytosin hién dién trong cac gen cia sinh vit béc cao c6 thé anh hudng t6i hoat tinh
phién mi. Cac base ngoai nhw xanthin, hypoxanthin va uracil c6 thé khéi déng co ché sira
chita. Thymin, d4n xuét tir methylcytosin ndi sinh va nhiéu su chuyén vi c6 thé xay ra theo
cach nay. Cac gbc S-methylcytosin, sau d6 tré thanh "diém néng" cta sy dot bién.
Hydroxylamin (NH,OH) chi khir amin cytosin, do d6 c6 tac dong rét gioi han:

NH,OH

Cytosine 4-N-Hydroxycytosin, bdt cip vdi Adenin

~ Céac chat alkyl hoa: Vi du dién hinh: Nitrosoguanidin (NTG), Methyl
Methane Sulfonat (MMS), Ethyl Methane Sulfonat (EMS) la cac tac nhén hoa hoc
gdy dot bi€n phan tng véi cac base va thém cac nhém Methyl ho#ic Ethyl nén con
goi 13 cac tac nhéan alkyl hoa (Bang 8.2). Tuy y&u t§ bi tac dong, ching c6 thé giy
dét bién it nhat bang 3 cach: .

+ Thém nhém Methyl (- CHj) hay ethyl (- C;H;) vao Guanin tao base déng
ding ctia Adenin din dén sy bét cip bé sung sai (Hinh 8.4).

+ M4t purin do Guanin da bi alkyl hoa tao 16 héng trén ADN, khi sao chép c6
thé 1am dat mach (Hinh 8.4).

Lién két chéo gilia cac mach ctia mét hoidc cac phan ti ADN khéac nhau lam
mét nucleotid.

Guanin 1a base ¢6 thé d& bi tdn céng nhit, vong pyrimidin, dic biét la cac
nhan pyrin dé dang bi alkyl hoa. Cac vi tri nay la cac vi tri lién quan truc tiép dén
viéc ghép cap nhu 6 — keto oxygen ctia guanin hay 4 - keto oxygen ctia Thymin va
cac vi tri cach xa vi tri ghép cip nhu N — 7 ¢cia Guanin. )

Badng 8.2. Mbt s6 tac nhan alkyl hoa dude st dung dé gay dét bién cam dng

Ténhodhoc Viét tat - Céng thife hod hoc
Methyl methan sutphonat | MMS ' CH,-S0,-0-CH,
Ethy! methan sulphonat | Ews CH, - S0,- 0O —CH,— CH,
Dimethyl sulbhonat | DMS | .CHa -0-80,-0-CH,
~ Diethyl sulphat -..DES...}.CHy—CH,—0 - SO, - O~ CH, - CH,
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N — methyl — N' — nitro — N — nitrosoguanidin | MNNG |  CH,— N.NO — C:NH — NH ~ NO,
Nitrogen .mustard (khi ngat nita) - ‘CHg ~N - (CH, — CH; - Cl), |
Sulphur mustard (khi ngat sulphur) -8 —_((.'ﬁH2 - CH,-Cl),
| Ethylen oxid .!.EO O-(CHy)
Ethylen imin -} El
Nitrosoguanidin NG

N - ethyl — N — nitrosourea (ENU, céng thitc hoa hoc C;HgN30,) 13 tac nhén
alkyl hoa giy d6t bién manh trén chudt. Ti 18 d6t bién cta né 1a 1 d6t bién méi tai
mét gen riéng biét trong 700 giao ti. ENU tac dong bing cach chuyén nhém ethyl
ctia né vao base nitd (cht yéu 13 Thymin) trong acid nucleic. Dich chinh cia né la
cac t& bac mAim nguyén bao tinh, tit d6 ma tinh dich trudng thanh.

O%ethylguanin

~ Guanin
H N o H N
YT Y?
N S INH N /4 INH
4 s < -7 i
N N
NH; ' ' NH,
6 in [C2H
0O°ethylguanin Thymin
H N 0 o) CH;3
Y/
/N INH----H——N, N g

22

o
Y

./Z

Sy bit cép cda 06ethylguanin vdi Thymin

Hinh 8;4. Hiéu qua du doan khi xur Iy Guanin vdi tic nhan alkyl hoa (EMS hay MMS)

Cac tac nhan chén vao ADN (lam léch khung):

Nhém nay gdm cac chit Proflavin, cam Acridin, Ethidium bromide dung trong
phong thi nghiém 1am chat nhuém. T4t ca déu la cac phan ti da vong phing tudng
tac véi cac base cia ADN va chén vao gifia ching. Sy chén nay lam "dan" sgi dbi
ADN va ADN polymerase bi "danh lita" chén base vao d01 dién nhiéu hon binh
thudng, lam léch khung ADN tao thamhr: '
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Cdc tdc nhan tﬂay déi cdu tricc ADN:

Céc tac nhan nay cé thé la:

— Céc phan td 16n (kénh cang) gén vao base trong ADN va lam ching trd
thanh khéng mé hoa. Vi du, N — acetoxy — 92 — acetylaminofluorene (NAAAF).

_ Céac tac nhan gay lién két chéo trong va gilia cic sdi. Vi du, cac psoralen co
trong mot s6 rau va diing trong diéu tri mot s6 bénh vé da. o

_ Céc chit hoa hoc gy diit sgi ADN. Vi du cac peroxid.

- Cac hydrocarbon da vong Vi du céc benzypyrene cbd trong xXang.

8. 3 2.2. Tac nhéan bite xa gdy dot bién

Biic xa la tac nhan ddt bién dugc biét ddu tidn (nam 1920). Bic xa dude phat
minh vao nhiitng nam 1890: Roentgen phat hién tia X vao 1895, Becquerel phat
hién hoat tinh phéng xa vao 1896 va Marie véi Pierre Curie phat hién cac nguyén
td phong xa vao 1898. .

Téc dung giy dot bién cla bc xa 6 2 dic diém:

— Khong c6 ngudng tac dung tic 1a khéng c6 liéu hugng v hai.

— S6 lugng d6t bién ti 1é thuan véi liéu hugng phéng xé., khéng phu thude vao
cudng dd va thoi gian chiéu xa. '

Cic buc xq dién tu:

Budc séng clia cac biic xa nay thay d6i tuy theo loai bitc xa va ti 1& nghich vél
ning lugng cua ching.
' Céac song dai nhat (radio AM) c6 ning lugng it nhét, trong khi cac song ngin
hon 1a FM, TV, viba, héng ngoai, kha kién, tia ti ngoai (UV), tia X va tia gamma
l4n lugt c6 nang lugng gia téng. Tia ti ngoai (con goi tia cyc tim) ¢ nang lugng
phéng xa cao nén ¢é ¥ nghia sinh hoc.

Bie xa ton hoa:

Tia X, tia gama, hat phéng xa o va P c¢d thé lam ion hoa cac phan ti trén
dudng di cia ching, do d6 c6 tac dong manh dén cac phan t sinh hoc.

Bic xa UV khéng ion hoa nhung ¢6 thé phan ing véi ADN va céc phén td sinh
hoc khac, va ciing 1a tic nhin d6t bién quan trong.

Don vi dung cho’ tat cA cac loai biic xa ion hod hién nay la rem (roentgen
equivalent man = 0,01J/kg ngudi bi chi€u xa), do d6 1 rem clua bat cii bic xa ion
hoa nao ciing c¢6 tac dung sinh hoc nhu nhau. Pon vi duge diung trudc day 1a rad

(radiation absorbed dose). Tuy nhién, rad cua cac biic xa khac nhau sé khéc nhau:
1 rad cha cac hat o ¢6 tac dung pha huy 16n hon 1rad cua cic tia gamma, nghia la |
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cac hat o c6 RBE (relative biological effectiveness) 16n hon 1 rad cua céac tia
gamma. Méi tuong quan giiia cac don vi nay 1a: rad x RBE = rem.

Ngoai ra, cAn xét dén loai nang lugng va lidu biic xa toan phén, ti 18 lidu: cing
s0 rem, néu chidu tap trung (ti 1& liéu cao) giy bdéng va pha huy da, trong khi
chifu nhe trong thdi gian dai (ti 18 lidu th&p) s& chi lam tang nguy co dot bisn va
ungr thu. ' '

Nguon biic xqa:

Cac ngudn biic xa ty nhién san xuit biic xa nén. Ngudn biic xa ty nhién gém
¢6 cac tia v tru tit Mat Troi va khéng gian, tif cac nguyén t6 hoat déng phéng xa
trong dat, trén mit d4t va trong khéng khi (radon). Mic d¢ biic xa nén thay déi
tuy vung dia ly.

Ngoai ra, con ngudi tao ra ngudn biic xa nhén tao, gép phan ting mc biic xa.
Trong d6 ¢6 cac thi nghiém y t& (vi du chén doan bing tia X), thit hat nhan va cac
nha may ning luong hat nhan, cac sdn pham khac (tivi, may do khéi, kiém tra
bang tia X & san bay).

Téc dung sinh hoc cia bize xa:

Btic xa ion hoa san sinh cac gdc tu do ciia nude (gdc hydroxyl), gdy nhiéu hu
héng d6i véi t€ bao va sinh vat. Cac gbc tu do cé cac dién ti khéng bit cip va rat
hoat ddng vé mat hoa hoc, s& tudng tac v6i ADN, protein, lipid trong mang té&
bio,... Nhu thé tia X c6 thé gay hu héng ADN va protein, c6 thé lam héng cd quan,
ngan phan chia t& bao hoac 1am chét t&€ bao. Cac loai t& bao phén chia nhanh (t&
bao tao mau, t& bao tuy xuong, niém mac tidu hoa) bi &nh hudng béi bitc xa ion hoa
nhiéu nhét va 46 nghiém trong cta tac déng tuy thude iéu da nhan.

Anh huéng di truyén ciia bite xa:

Biic xa ion hoa giy nhiéu dnh hudng trén ADN théng qua céc gdc tu do va tac
ddng truc tiép:

— Diit mdt hoc ca hai sgi (c6 thé din dé&n sip x&p lai, x0A mat, mat nhidm sie
thé, t& bao chét n&u khéng stia chiia).

- Pha huy cac base (d6t bién).

— Lién két chéo trong ADN hodc ADN véi protein. -

Tia cuc tim (UV):

Buc xa UV it néng ligng va do dé khong ion hod, nhung ning hugng cua né
duge vu tién hap phu bdi cac base cia ADN va bdi cac acid amin thom cia céac
protein, vi thé né cling c6 Anh-huéng sinh-hoe va-dnh-hudng di truyén quan trong.
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UV duoc phan loai theo bude séng: UV-C (180 - 290 nm) ¢6 tinh sat tring manh nht

va gy chét, khong co trong anh sang mit troi vi né duoc hép phu béi ting ozon; UV-B
(290-320 nm) 1a phén doan gay chét/dot bién chinh ciia 4nh sang mat troi; UV-A (320 nm -
kha kién) 12 “cén UV”, ciing c6 tac dung x0a mét (vi n6 tao cac gbc oxy) nhung né san xudt
rét it dimer pyrimidin. Céc tén thuong gy chét chinh 14 cdc dimer pyrimidin trong ADN
(tao bdi UV-B va UV-C), cac dimer nay 1a 1ién két ddng hoa tri gifta cac pyrimidin ké nhau
trong mét sgi. Cac dimer nay lam ngén chén sy phién ma va sao chep ADN va giy chét néu
khéng sira chita. Chiing c6 thé kich thich dot bién ciing nhu sép xép lai nhiém sac thé.
- Trong t& bao, cac chét hitu co ¢6 mach vong chii yéu nhu purin va pyrimidin hép thu
true tiép UV. Tia tir ngoai c6 kha ning xuyén thiu thip nén chi tic ddng lén cac sinh vét
don bao va giao tir. ADN hép thu tia tt ngoai manh nhét & bude séng 257 nm (= 260 nm),
déy chinh 14 budc séng 1am tang tAn s6 ddt bién & hat phén cay bip. Dudi tac dong cia tia
tit ngoai, cytosin gin thém phén tir nudc vao lién két C=C cia mach vong (Hinh 8.5)
va thymin bi dut lién két C=C mach vong, nbi 2 phén tir thanh thymin dimer.

Stone va céc cong sy da nhin thiy tan s6 dot bién ting lén & Staphylococcus
aureus khi méi trudng nudi ching dude chifu tia UV trong thoi gian ngin trude
khi cay vao. Déy 13 tac dong gian tiép caa tia ti ngoail.

Hién tugng quang phuc héi 14 mét dgc trung trong tac dong cua tia UV.
Sau khi chifu tia ti ngoai 16n t& bao, nfu dé ngoii anh sang, thi cac sai hong phan
16n duge phuc hdi. anh sang cé tac déng hoat hoad enzym stia sai, cat ddt cac

thymin dimer.

(a) T | C TC
0 NH; 0 NH,
CH l | o
0% N N~ 0o
(b) T T TT

O O O|

J CH; CH3

| I
PO \Cg e L O

Hinh 8.5. Tac.déng.cla tia tir ngoailén.cac pyrimidin
(a) Dimer thymin = cytosim (b) Dimerthymin —thymin
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8.4. CAC CO CHE CHONG LAI DOT BIEN

Vi su sai hong ADN xay ra ty phét va 14 hau qua cla cic tac nhin méi trudng
& moi noi nén héu hét cic sinh vit c6 mdt vai kha nang stia chita ADN cua chiing

va ADN 13 dai phan ti duy nhat dugc stia chita bdi t& bao. C6 thé chia cac co ch&

"stia chiia" thanh ba loai:

— Pao nghich saihéng: co ché& niy don gian nhit, enzym hoat dong phuc héi
ciu tric binh thuong khéng c¢é giy khung.

— Loai bé sai héng: cit bd va thay thé base ho#ic phan nucleotid sai héng ho#c
khong thich hop.
— Dung nap sai hong: khong stia chita that sy, chép sal héng va tiép tuc séng.

8.4.1. Pao nghich sai héng
8.4.1.1. Quang phuc hoi

P4y 14 hé thong sta chiia don gian nhét va c6 18 xua nhit. C6 su tham gia cla
mdt enzym c6 kha ning cét cac dimer pyrimidin (lam dit céc lién két ddng hoa tri)
khi cé anh sang (Hinh 8.6).

T T
DNA
uv
11 PR
/N
T T
DNA véi N
dimer I I

Hinh 8.6. Quang phuc hdi

Enzym photolyase xiic tic phan ting niy, né c6 nhiéu trong vi khudn, t§ bao
nhén that bac thap, cén trung va thuc vat. Khéng c6 trong t& bao ddng vat.
Gen (phr) c6 trong dong vat c6 vi nhung méi hod cho protein cé chiic ndng hé trg
loai stia chiia khac.

8.4.1.2. Stza sai bang cdch lam mdt nhom alkyl (dealkylation)

Stia chiia truc tiép cac tén thuong bing 0° — methylguanin — ADN
methyltranferase. Enzym nay chuyén nhém alkyl t¥ nguyén ti oxi trén ADN sang
. gbc Cystein trén énzym va phan tGng khong thuin nghich va enzym bi mat hoat
tinh (Hinh 8.7). Cac 161 dugc stia chiia gbm 0% — methylguanin, 0% - methylthymin,
vd cac methylphosphotriester gay ra bdi ¢dc td¢ nhén alkyl hoa nhu
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N — methyl — N’ — nitro — N — nitrosoguanidine (MNNG). Enzym nay cang sta chiia
céc guanin bi alkyl hoa khéc nhu 08 — ethylguanin va 0°% — butyl — guanin, mic du
hiéu suét th&p hon nhiu. Cac MTase duge tim théy 4 tdt ca sinh vat duge
nghién citu. ' o

O E. coli gen mi hoé cho enzym nay (39 kDa) 14 ada. Vi tri Cys69 trén enzym
nhan gdc metyl ti phosphodiester va thay déi cdu hinh cho phép né hoat hoa
promoter cua cac gen ada, alkA (methyladenin DNA glycosylase), alkB, va aidB,
nhd d6 tang kha ning d& khang véi cic tic nhén alkyl hoa. Trong khi vi tri Cys321
nhan goc metyl tit O° — MeGuanin v O* - MeThymin, dé khoi phuc base binh thudng.

Co hoat tinh A Bét hoat

CH;
S 5
/[\\_ : Methyliransferase " )\
H,N N N\ : H,N
R _ R
0O°%Methylguanin Guanin

Hinh 8.7. Co ché& sfra'sai bing methyltransferase
8.4.1.3. N6i cdc ché ditt cua sgi don

Tia X va mdt s6 hoa ch&t nhu peroxid c6 thé gdy ra nhiing ché dut trén khung
ADN. ADN ligase nhanh chéng stia cAc chd dit don gian trén mét soi. Cac vi sinh
vat dot bién mAt ligase c6 mic tai t8 hgp cao hon vi ddu ADN sinh téi 8 hgp dudc
hoat hoa cao. & ngudi chi méi biét ma 46BR c6 ddt bién trén ca hai gen ADN ligase
I, 1am tang trudng cham, suy giam mién dich va nhay cam véi M#t Trdi, chét tré
do u lympho. Cac t& bao nguyén bao sgi & ngudi cé 46B dé bi diét bdi cac tae nhén
lam héng ADN, trong d6 cé biic xa ion. Ngoai ra, héi chiing Bloom cting lién quan
véi khigm khuyét ADN ligase (m¥c dd protein ctia héi chiéing Bloom la ADN
helicase): t& bio nudi ciy ctia bénh nhén nay c6 mic bién dang nhiém séc thé va
d6t bién tu phat cao.

8.4.2. Loai bd hu hdng
8.4.2.1. Stta sai bdng cdch cdt base (glycosylase)

Loai b6 chd sai nhé mot hoac vai enzym N - glycosylase. N — glycolase nhén
biét base bién déi va thuy gidi lidn két N ~'glycosilic néi base véi dudng pentose.
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Diéu nay tao ra mét vi tri AP (khéng c6 purin hodc pirimidin), nghia 13 ¢6 mach
dudng — phosphat nhung bi thiéu base nito. Vi tri AP sau d6 dude cit bd bdi AP
endonuclease va ADN polymerase chép day lai dua vao khuén 14 mach b8 sung d6i
dién va dugc ligase néi lién lai.

8.4.2.2. Stza chiza léch déi

Qua trinh nay xay ra sau sao chép ADN nhu 14 "danh van kiém tra" cuéi cing
sy chinh x4c cua sao chép. 6 E. coli, co ché nay lam ting d6 chinh x4c cia sao chép
lén thém 100 — 1000 14n. Stia chiia nay dugc tién hanh bdi mot nhém cac protein
¢6 thé quét ADN va tim céc base bt cip khong chinh xac (hoéc cac base khong bét
cip) lam sai léch hai chidu trong xoin kép. Nucleotid khéng chinh xac phin duéi
$& dudc loai bd va ADN polymerase sé& hoat déng 14n thi hai @é cé trinh tu ding.

Cac protein stia chiia léch dé1 6 ngudi méi duge xac dinh va rit giéng 6 t& bao
nhén nguyén thuy nhu E. coli va ¢ t& bao nhén that don gidn nhu n&dm men.
8.4.2.3. Stra chita béng cdt nucleotid - NER

Hé théng nay lam viéc trén "khéi" ADN sai héng, 1am ngung sao chép ADN va
phién mi. Qua trinh gbém cét sgi ADN chia sai hdng bdi endonuclease § phia sai
hong, ti€p theo loai bé doan ngin chita ving sai hdng bdi exonuclease, khoang
tréng tao thanh duge 14p vio bdi ADN polymerase (Hinh 8.8).

| | - DNA vd&i dimer

"./\I‘ ' Dimer dugc nhin
| | dién va ADN bi cit

I 1L I | Dimer bi loai bo

Khoang tréng duoc Vp
| I 1 1 nh& ADN polymerase

Khe ho duge han
| |1 1 lai nho ADN ligase

Hiphr8:8-Strachirabang catnucleotid
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Nhiéu sinh vat bi dét bisn khiém khuyét NER, d& bi diét va dot bisn bsi UV va
cic hoa chit hoat déng gidng UV. Ngudi cé6 bénh di truyén xeroderma

pigmentosum nhay cam véi &nh sang mat tréi, ho ¢6 nguy ¢d cao bi ung thu da §

nhiing viing co thé phoi dudi Mt Trdi va cé céc khiém khuyét trong cac gen tudng
dong v6i hé théng NER & t& bao nhan that don gidn. Cac dot bién NER § sinh vat
bac thiap nhay v6i UV va ting mitc dét bién va tai t8 hop cdm tng bdi UV
(vi ching khéng thé dung phuong phap NER chinh xac dé loai bd cac dimer
pyridin va phai dung cac hé théng giy d6t bién hoic giy tai t8 hop).

8.4.3. Dung nap ADN sai héng

Khong phai tit ca cac ADN sai héng dude loai b ngay ma mét s6 c¢6 thé tdn tai
mot thoi gian. Néu tai chac ba sao chép ADN ¢6 ADN sai hong nhli dimer pyrldm
qua trinh sao chép s& ngtling lai.

Tuy nhién § t&€ bao nhan that, sao chép khdi déng & nhidu vi tri va c6 thé hai
phuc lai sgi duéi caa dimer, chira lai "khoang tréng" cta sdi don ADN khéng sao
chép. Khe nay c6 thé nguy hiém néu khéng dimer nita khi t&€ bao phan chia.
Khoang tréng cé thé dude stia bang tai t§ hop vdi tusng déng hodc véi thanh nhiém
sdc em, tao hai phéan ti con nguyén ven, mét cai van con chiia dimer.

8.4.3.1. Stta chitra bdng tdi té hop

D4y 14 co ché stia chita thic ddy tai t6 hop dé 1&p khuyét sdi con khéng dimer
vi 14 cach chép d6i phé t6n thudng luu trit khéng ma hoa trong ADN (Hinh 8.9).
Loai tai t6 hop stia chiia nay néi chung chinh xic (mic di né 6 thé gay tinh déng
hop cha cac allel lan cé hai) va ddi héi su tudng déng clia sdi nhiém séic em.
San phém cla cac gen BRCAI va BRCA2 nhay cam véi ung thu va 8 ngudi c6 thé
tham gia sita chita bang tai t6 hop ciing véi tuong déng cta cac gen RAD5Iva
RADS52 ctia nim men.

Hinh 8.9. Cac bién ¢ trond| s ¢hirdl bing tai td hdp
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Loai sa chita bing tai t& hgp thi hai 13 phan tng lién két dau khéng tuong
dong dé stia cac ddu ADN bi dit nhu gay do biic xa ion hoa va cac chit hoa hoc ¢6
tac dong gay 46t bién tuong tu. Hé théng slia chiia nay ciing duge sit dung bdi cac
t& bao B va T ctia hé théng midn dich dé tai sip x&p di truyén cén cho hoat dong
cta ching. Protein Ku70, Ku80 va cac protein kinase phuy thugc ADN cén cho lién
két diu khong tuong déng. Cac dong t& bao ctia loai gim nh&m c6 cac dot bién
trong chc gen nay rat dé bi diét bdi biic xa ion hoa va khi€m khuyét tai sip xép h.é

théng min dich.
8.4.3.2. Stza chita bang dot bién

Mbét cach khac dé ADN polymerase bi ngan tai dimer 14 thay ddi tinh dic hidu
cua nob, nhd d6 c6 thé chén bat cii nucleotid d6i dién dimer nao va tiép tuc sao chép
(cach "ddt bién hodc 13 chét") (Hinh 8.10). Cach nay xay ra 6 vi khuén, ngudi ta
nghi né ¢ thé xay ra & t& bao nhén that tuy chua biét rd cd ché. Pay la 1y do tai
sao ddi khi stia chita ¢6 thé gay dot bién.

‘r/\ [ {1  Dimer duoc nhin
|1 dién va ADN b céit

|1 | Dimer bj loai bo

DNA v&i dimer

N
N Khoang tréng duoc 1ip

| | nh& ADN polymerase
\/ nhung tao ra dot bién
' — Dimer th hai bi
¢ loai bo; dot bién
duoc hoan tat

Hirth 8.10. Si¥a chira bing dat bién
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8.4.4. Stia sai nhd hé théng SOS (cap ciu)

Hé théng stia chila nay dudc kich hoat néu céc co ché trén bi quéa tai boi cac
d6t bién lan réng. Trong trudng hep ADN bi tén thudng ngiing sao chép, thi phan
tng SOS héi phuc sao chép va chuyén sai hong thanh stia sai trong kbi nhén dé1.
O E.coli 3 quan sat su pha huy ADN lam mé ra khoang 20 gen cua hé thong SOS,
dude kiém soat Am bdi chat kim hdm lexA. Chét nay gin vao hop SOS chéng ldp
cac promoter cua cac gen SOS.

Khi c6 nhiéu sai héng cip ctiu, lexA bi kich thich, thay d8i c&u hinh, tu cit va
m&t hoat tinh kim ham. Liic d6, cac gen SOS duge mé ra. Néu stia sai khong kip,
t& bao phai ch4p nhan hoic bi dt bién hodc bi chét.

8.5. CAC TINH TRANG POT BIEN VA PROTEIN POT BIEN

Mbt sinh vat bi dot bi€n don glan 1a m6t sinh vat biéu hién nhiing tinh trang
b4t thudng di truyen duge. Hau hét nhiing tinh trang nay co thé thay dugc nhu
nhiing d6t bién sic t8 gay nén bénh bach tang, thay d61i mau sée bén ngoai 6 dong’
vat vA mau sic hoa bat thudng.

Trong v khoa, da tim théy cac loa1 ddt bién khac nhau & ngudi. ung dung cac
dinh luat di truyén Mendel, ngudi ta di ching minh rdng mot vai bénh & nguoi
duge d1 truyén nhu 1a cic bénh do méot gen riéng 1é quy dinh.

Nam 1908, hon 30 nam trude khi c6 gia thist "mét gen — mot enzym" cua
Beadle vi Tatum, nha vat 1§ ngudi Anh Sir Archibald Garrod da trinh bay mét
loat quan niém vé di tat 6 ngudi. Trong d6, c6 mdt di tat duge 6ng gol la "r61 loan
bim sinh vé trao d6i chit". Garrod cho ring, mot s6 di tat gy nén do co thé& mét
kha nang thue hién cae qua trinh hod hoc mang ban chét di truyén.

Céc réi loan chuyén hoa bam sinh con dude goi 1a cac bénh phin t va bénh cé
ngudn gbc 1a nhiing sai s6t 6 miic d§ phan ti, nhiing biéu hién truc ti€p cua bénh
134 nhiing phén ti protein. .

Bénh d6t bién dau tién do Garrod nghién ciiu 1a benh Alkapton niéu.
Nuédec tiéu ctia bénh nhin trd nén den khi dé ngoai khong khi. Bénh xay ra do
thifu enzym homogentisate oxydase trong gan nén khéng phan huy dudc acid
homogentisic (tén cli 14 alcapton) thanh méit san phidm khéng mau la acd
acetoacetic. Liic bay gi¢ acid homogentlslc tich tu lai trong nudc tiéu va c¢6 mau
den khi gip khong khi.

Lién quan téi réi loan chuyén_hoa bam sinh, con cé bgnh thigu hut enzym

chuyén hoa phenylalanin va tyrogin. Mot tzong) eéc vi du quen thudc vé di tat bam
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sinh dudc di truyén do yéu t& gen lin Mendel 4n trén nhiém sic thé thudng véi tan
s8 cao (khodng 1/10.000) 1la Phenyl ceton niéu. Bénh nay la do thifu enzym
phenylalanine hydroxylase trong gan d€ c6 thé oxy hoa phenylalanine thanh
tyrosin (Hinh 8.11). Hau qua truc ti€p 1a tich tu phenylalanine trong mau va bai
tiét thai qua ting phan qua nudc tiéu dlidl dang cac ch&t chuyén hoa bat thudng
nhu acid phenyl pyruvie.

» FPhenylalanine

/"'.f trong mau ca
_ Phenylalanin@CH 2CHCOO ™
. / Phenylalanin @W@CH 2COC00R
THUC {Q hydroxilase \ Phenylpyruyate

Phenyl ceton nigu _
Tyrosine HO CHCHCCO ™ | (Thigu phenylalanin hydroxydase)

*NH3

4-hydroxy- CH2COCOO0 ~
phenylpyruvate OH
HO HO

2,5-dihydroxi- @CH 2C0OCO0
phenylpyruvate . -
(<‘ CH2CHCOO
"HOQ,

Homogentisate@c

: OH
Homogentisatel ALCAPTONURIA
[ S—

Nudce tifu

oxidase (thi€u homogentisate oxidase)

Fumarate + Acetoacetate ——Chu trinh Krebs ——-CQOp + H0O

Hr‘nh_8.11. Chudi phan ting sinh hoa clia bénh Alkapton niéu va Phenylketon niéu,
hai su rdi loan di truyén cda sy thoai qua acid amin thom

8.5.1. Dot bién sinh dwdng & vi sinh vt

Nam 1945, cac d6t bién lién quan dén sinh dudng dude xic dinh diu tién &
nidm Neurospora, sau &6 1a vi khuén. Nhiéu vi sinh v4t binh thudng sé phat trién

duge trén méi trudng téi thidu cé chla dudng, ion NH} va mét vai ion cén thist
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kbac. Nhiing vi sinh vat nay la nhiing vi sinh vét hoang dai va dugc goi la thé
nguyén dudng. Sau khi dude xii Iy véi nhiing tac nhan gy d6t bién cam dng,
chitng thu dugc khong con phat trién trén méi trudng gian don niia tri khi thém
vao mét chit khac, thudng 12 acid amin, vitamin nucleotid hodc mét phén ti vi
luong nao dé. Nhiing ca thé mang dot bién nay duge goi la thé khuyét dudng.

Nhu vay, thé nguyén dudng ¢6 thé tdng hgp t4t ca cac thanh phan t& bao phic
tap tu céc nguyén lidu thé sd, don gian, nhung vi sinh vat khuyét dudng thi da
méat di kha nang nay. Vi hé téng hop cac phan ti phtc hgp néi chung cé lién
quan dén enzym va su dbt bién & sinh vat khuyét dudng co thé do lam méit hoat
tinh enzym.

8.5.2. D6t bién va bénh & ngwoi

Vai nam sau phat minh ctia Garrod, hang ngan bénh dugdc tim ra 6 thé di
truyén dude do dot bién gen. Nhiéu bénh c6 lién quan dén cic enzym bi bit hoat
hay protein bi thay d6i chiic ning (Bang 8.3).

Bang 8.3. M&t s6 bénh di truyén & ngudi c6 lién quan dén protein chuyén biét
hay khiém khuyé&t enzym

Triéu chung |Hoat tinh sinh hod bi dnh|Tan sé tinh trén

Loai réi loan Té o . o - S
oai rol loz " dién hinh | hudng hay khiém khuyét| 1000 ngudi

Héng cdu |udi liém| Héng cdu bién
(sicklecell | dang, hinh lugi
anaemia) liEm

Hemoglobin c6 xu hudng 10 - 20
ngung két va kéttha  |(Afro - Caribean)

Thigu mot trong cac chudi
polypeptid clia hemoglobin

Bénh thi€u mau

10 — 20 (dan di
Bia Trung Hai (dan dia

Thi€u mau nang,

: ) lach 16 N . Trung Hai
{Thalassaemia) ach fen ngudi trudng thanh g Hai)
Mau Thigu mau huyét ‘
gii héng ciu bia | Thoai hoa t& bao | C6 nhidu dang tat ca déu 0.5 (Pyruvat
(Non — spherocytic|hdng cdu, vang da,| mét 1 enzym trong nhanh ’ kinayse)
hemolytic tach 16n chuyén hoa HMP
anaemia)
Bénh ua cha Mau khéng do Y&u 18 Vil trong huyét
>nh La chay g dong - gnuyel | 6 1 (dan ng)
mau A duge tuong
Dystrophin, mdt protein
Co Teo co Duchenne| Thoai hod cd  |lién quan dén mang té bao| 0,1 (dan éng)

co
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Loai roi loan

Tén

Triéu chiing

Hoat tinh sinh hod bi anh

T4n sé tinh trén

amin

tuong va nudc tiéu
cao; tri tré cham
phét trién

dién hinh hudng hay khiém khuyét| 1000 nguoi
B&nh Von Gierke Pudng huyét thap, |Glucose — 6 - phosphatase 0.01
Chuyén hoa sung gan trong gan
carbohydrate 5 ' B .
: Khor;g dung nap DPéy hai, tidu chay B Galactosldase trong 100
actose - : ' rudt
Mirc
phenylalanine,
L {c phenylacetic : . :
Chuyén h . p
uyén hoa acid Phenylketon nigu | acid trong huyét Phenylalanine hydroxylase 0.1

frong gan

Tén thuong noron

Gluosephingolipid

BénhTay - Sachs

gangliosid trong t&
bao than kinh

o e Hdi chiing than kinh, thuding | Hypoxanthine guanin L.
Chuyén hoa purin Lesh — Nyhan | c6 hanh vituhuy |phosphoribosyl transferase 0.1 (dan éng)
hoai
Da nhay cam vdi
anh sang, gan bi | Enzym Ferro - chelatase
Chuy&n hoa Hem | Protoporphyria tén thuang, cha qua trinh sinh téng Higém
protoporphyrin hop Hem
trong huyét tuong '
7 Céac thyc thé lipoprotein ti
Van chuyén Cao cholesterol |Xd vita ddng mach trqr]g th?,p (‘LDL) tror]g
lipoprotein mau gia dinh  [(Atherosclero — sis} mang 1€ bao LDL va !
'pop 9 cholesterol khong duge ’
hap thu
o Cham tri tué, tdn | ..
T ' -
poty khdp xuong aly
Bj thoai hoa than _
Thoai hoa kinh, tich IGy Hexoseaminidase A trong | 0,3 {Ashkenazi

lysosom

Jews)

8.6. POT BIEN GEN VA UNG THU

R4t nhidu nguyén nhéan giy ung thu khac nhau, nhung 6 co ché& phan ti déu

lién quan dén cée bién d8i di truyén trén ADN lam tén thuong tién trinh téng sinh

binh thudng.
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8.6.1. Cac nhom gen lién quan t6i ung thu

Lién guan t6i sy ting sinh cla t& bao, c6 2 con dudng dan t61 ung thu:

Thit nhét, céc bién ddi 1am tang hoat gen kich thich, kiéu dot bién nay c6 hiéu
qua trdi. Alen bién d8i duge goi 14 oncogen (gen ung thu), con alen binh thudng la
proto — oncogen (gen tién ung thu).

Thiz hai, chc bién ddi lam bat hoat gen kim him, kiu dot bién nay thudng cb

hiéu qué 1gn. Gen kim ham dugc goi 14 gen ttc ché& khdi u.
8.6.2. Gen ung thu va gen tién ung thu
8.6.2.1. Cdac gen ung thu do retrovirus tdi ngp

Céc retrovirus bing con dudng sao chép nguge da tich hgp dude ADN ctia minh
vao nhidm sic thé t& bao chi. Ching cé thé ngdu nhién mang cac gen ung thu lam
bién d8i t& bao chu bing cach xen doan ADN cla minh canh gen tién ung thu cua
t& bao chu. Hang loat cac gen ung thu dd duge xac dinh tif retrovirus gy bién ddi
t& bao (Bang 8.4).

Bang 8.4. Mot s& oncogen dudc xac dinh nhd retrovirus gay bién the

Ho %i':ru"g Chut ndng cta gen tién ung thu Ngt;g; sg o¢ U do virus gdy ra
Abl Protein kinase (tyrosin) Chubét, méo Pre— B -
celleukemia
erb - B Protein kinase (tyrosin): thu thé cla Ga Erythroleukemia
yéu t8 tang trudng thugng bi (EGF) Eibrosarcoma
Sis Y&u 18 tang truding tir tiu cau (PDGF) “Khi Sarcoma,
Carcinoma,
Myelocytoma
Src Protein kinase Ga Sarcoma

abl = Bach huyét Abelson; erb = Erythroblastose (tang nguyén héng céu);
Sis = Simian sarcoma virus; Src = Sarcoma.

Moét s6 gen ung thu khac duge phat hién khéng do virus. Hién né.y, da phat
hién duge hon 60 gen tién ung thu. .
Céc gen tién ung thu hau nhu lién quan dén cac hé théng tin hiéu cta t& bao
nh cac protein, cac thu thé xuyén mang, cic gen diéu hoa...

8.6.2.2. Cdc cdch bién d6i gen tién ung thu thanh gen ung thu

Ba cach chu yé&u trong cac cach dé la:
_ M4t doan ho#c d6t bién diém trong trinh tu mé hoa.
— Khuéch dai gen.
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— CHu tric nhidm sic thé. 7
Céac gen c6 thé bi bién ddi do dot bién diém, m4t doan, chuyén doan nhidm sic
thé hay do xen doan bd gen cita retrovirus (Hinh 8.12).

|

Mit doan hay dot —
bign diém & winh w L Khugch dai gen ] Chutric lai nhicm sdo
mi hod l thé
ADN _ gy - ) S——
ARN ] I —
’ ' [ ]
T I
| ! | —
¥
Protein ting hoat duce Proicin binh Cic enhancer manh Sy dung hdp vdi gen
120 ra véi 53 lugng binh thutrng duge sidu k€& ¢dn lam protein phi¢n ma manh lam
thuing, sdn xuidl binh thudng duge prowin dung hgp duge
Ling sdn xudl ng sdn xud1 hodc

prolein dung hgp ing
hoat

Hinh 8.12. Ba cach bién déi gen tién ung thu thanh gen ung thu

8.6.3. Cac d6t bién & gen wic ché& khoi u

Qua trinh {c ché 1a két qua ctia dot bién thii c4p ddo nghich tic dong clia dot
bién sd cip. Qué trinh nay xdy ra ¢ mic d6 phién ma va chi ¢6 hiéu qua mét phan,
luu trit da protein ¢6 hoat tinh d€ cho t& bao séng ma thudng 13 mét loai gia hoang
dai bat thuong.

Cac dot bién 6 gen tic ché€ khéi u thudng la 1in, nén t€ bao chi mat kiém soat
khi ca 2 allel déu bj dét bién. Cé 2 d6t bién duge phat hign:

— Gen Rb tao protein retinoblasma tic ch& sy phét trién mét dang ung thu &
mét (retinoblastoma). Rb ¢on ¢6 tac dung tic ch& d61 véi mét s6 dang ung thu khae.

— Gen p53 tao protein p53 tc ch& nhiéu dang ung thu. Cac nghién ctu gan
déy cho thdy protein p53 tham gia hé thong cép ciiu, sta chiia nhiéu t6n thuong
cua t& bao dang phan chia.

Cac virus ADN nhu Pap110mav1rus va SV40 cé thé giy ung thu bing céach ¢
1ap cac san pham cia gen Uc ché khéi u nhu? protein etinoblastoma hay protein p53.

8.7. CAC HE THONG CHOQN LOC BOT BIEN G VI SINH VAT

Cac hé th(")'ng chon loc d6t bién gitp phat hién c6 hidu qua cac ddt bidn hiém
hoi trong ngudn d6t bién rong 16n. C6 nhiéu hé thong chon loc dot bién va ap dung
tuy thude vao cac dot bién (Bang 8. 5) :
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Bang 8.5. Co s6 phat hién ba loai dét bi&€n dya vao kiéu hinh

Kiéu Dot bién cd diéu kién Dot bién khuyét dudng Dét bién dé khang
hinh o . . - o
Kidu Nhietdd | st s cao | FMOM9P0 | o4 8 sung (KMON9 OO 1ECI oy vac nhan
thudng sung nhan
gen ,
H‘;:?g Binh thudng | Binh thudng Moc Moc Moc Khéng
DGt bién | Binh thudng Dot bién Khéng Mac Moc ‘Moc

Hé théng chon loc dét bién dude danh gia bing ning luc phin giai, 1a kha
ning phat hién cac dét bién rat hiém so véi khéng d6t bién. Nang luc phan giai
cang lén thi phat hién dudc cac dot bién cang hi€m. Vi du, phat hién cac dot bién
dé khang c6 d6 phén giai cao vi khi cdy s8 ludng rit 16n t& bao 1én méi trudng chon
loc c6 chita cac tac nhén thi phin 16n t&€ bao chét, chi c6 rat it t& bao c6 dot bién dé
khang moc dude thanh khuén lac.

8.7.1. Phuong phap dé khang

Dung tac nhéan 12 thudc hosic phage dé chon loc vi khudn. Cac dot bién d& dang
dudc phat hién & cac khudn lac moe trén méi trudng thach 6 thude hay phage.
8.7.2. Phuong phap lam giau cham

Dung dé phat hién dudc cac d6t bién khuyét dudng. Dung dich vi khuin pha
loding dudc cdy trén bé mit mdi trudng thach t6i thiu € moc thanh cac khuén lac
rdi. Phit mét 16p méng méi trudng tuong tu 1én mat mbi trudng thach vita réi, & dé
cac khuén lac binh thudng moc 1&n. Sau dé lai ph thém mdt 16p méi trudng dinh

dudng c6 b8 sung va u tiép cho chit bé sung khuéch tan. Cac d6t bién khuyét

dung s& moc sau khi cé chét bd sung, nén khuén Iac nhé hon do moe cham.

8.7.3. Phuong phap lam giau han ché

Day la dang don gian hon cGia phuong phap lam gidu cham. Cae vi khuén dude
cdly trén méi trudng t8i thiéu cé6 mét it chit bs sung. Trong didu kién nay, cac dot
bién khuyét dudng moc dén khi hé&t chit bs sung thi ding, do dé tao khuan lac
nhd. Céc vi khudn binh thudng tiép tuc tao khuin lac to.

8.74. Phuong phap lam giau nhd penicillin

Penicillin ¢6 tac dong diét khudn dang phén chia. Vi khuén duge cho vio méi
trudng t6i thidu 6 penicillin. Cac vi khuén dang tang trudng bi diét, chi cac t& bao
dot bién khéng tang trudng con séng s6t. Sau do, hon hop duge cdy 1én méi trudng
khéng c6 penicllin thi cac dot bién khuyét duong moclén véi ti 18 tudng d6i cao hon.
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8.7.5. Phuong phap loc

Dung dé chon lya cac d6t bién khuyét dudng 6 ném s¢i. Dung dich béo ti dugce
nudi trong méi trudng dinh dudng thidu chat bé sung. Cac dot bién thigu ch&t bd
sung khéng moc dugc, cac dang binh thudng moc ra thanh nhiéu sgi. Khi loec qua
méang loc sgi thuy tinh, cac dang binh thudng nhiéu sgi bi giii lai, cac dang dot bién
di qua mang loc. Dung dich ¢6 nhiéu dang d6t bién duge c&y trén méi trudng cb

A ~ ~ - ~ Pl ~ -
chét bd sung va kiém tra tim cac dang dot bién.

8.7.6. Phuong phap in

Vi khuén dudc cdly dé moc rdi ting khudn lac trén moéi trudng dinh dudng.
Dung miéng nhung (c6 nhiéu 1éng min boc trén khic go) in ddng vi tri khuén lac
trén mdi trudng toi thiéu. Cac khuin lac @6t bién khong moc 1én dugc. Can cit vi
tri khuan lac khéng moc & ban sao, tach cac dot bién khuyét dudng (Hinh 8.13).

Bia gdc rén méi
truding ddy di

(a)

Khiic g6

. /Mié'ngnhung

(b}

Cdc bdn sao wrén mdi truting c6 bd sung

- ¢ N

(c) - : @

Hinh 8.13. Phudng phap in
(a) Dia g&c trén mdi truong ddy di; (b) Khac gb boc miéng nhung;
(c) M6i truding c6 bé sung chéat A va B; (d) Méi trudng ¢d bd sung chét A, B va C;
' (e) Mai tru'dng ©6 b8 sung chdt Ava C
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Tém tdt:

P6t bién 12 mdt qua trinh ¢6 thé dude nghién ciu § mtic do sinh hoa t& bao va
g miic d6 co thé sinh vat. D6t bién la nguyén nhén ddu tién ctia cac bién di trong
tu nhién va trong thi nghiém, bién di ciing cb thé xay ra béng cach st dung cac
hoa chét va tia phong xa giy dot bién.

3 mtic d6 phan tl, mot dot bién 13 mot su thay d6i trong trinh ty base cua
ADN do mét sai sét trong su sao chép hay stia chita. Pot bién tu nhién va tac dong
cla cac tac nhan giy dot bién co thé dude quy vé su bat cip sai cua cac base, trong

khi d6 cac 16i do cac hé thong sla chiia 151 tu do thong thudng lai tuong ung vl su
bién dang trong chudi x0an kép. Sy hu hai ldn ADN do tia cyc tim ¢6 thé hoat hoa

mét hé thong sta chiia 161 phat sinh.

Cac bién di d6t bién 6 miic do ADN cé thé 1a sy thay thé mot base riéng 1é, hay
chén hay xod mdt base (thay d8i khung) hodc ctia vai base (da didm). Su thay thé
mét base riéng 1é co thé din dén su thay déi ctia mot acid amin trong phén tu
protein tao thanh va tuy vao ban chit va vi tri cua céac bién déi nay ma protein co
thé mét hoat tinh hoan toan, hay mét hoat tinh mdt phan, hay c6 hoat tinh nhung
khéng 6n dinh. N&u su bién d6i mot base lai tao ra codon k&t thue thi protein sé
khéng duge téng hdp niia va thudng la bat hoat. Cac dot bién tc ch& ciing ¢6 thé
bao toan dude hoat tinh trong mét 6 trudng hgp nhd sy bat trit cho dét bién gbe
trong qua trinh dich mé. '

O miic dd co thé, cac ket qua dot bién thé hién & mot tinh trang dot bién nao
d6. Hau hét cac d6t bién déu cb hai va cac dbt bién nay hau nhu duge biét & cac
bénh di truyén & nguci. Hy vong giai thich sinh hod sé lam sang t0 cac nguyén
nhan giy ung thu.

Cac hé théng chon loc dot bign & vi sinh vt da hoan thién cac phudng phap

‘chon loc d6t bién trong phong thi nghiém. -

CAU HOI
1. Kiéu hinh nao Xhéng 13 hau qua cha dot bién & vi khuan?
a) Bién déi tit nguyén dudng sang khuyét dudng va nguge lai.
b) D6t bién thanh thudng bién va ngude lai.
c) M4t hoac tao thanh phén cdu tric cta t& bao.
d) Nhay cam hay dé khang thudc.
e) Nhay cam hay dé khang phage. -
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2. Trong bao nhidu ban mi sao ctia gen c¢6 mot dot bién?

a) 10° | b) 10°
¢) 107 . d) 108
e) 10°
3. Nhém t4c nhin giy dét bi€n nguy hai nhat:
a) Base dong ding b) Alkyl hoa
¢) Deamin hoa . d) Uc ché téng hop base nito
Chén vao ADN
4. Co ché& khéng dao nghich sai hong do dot bién:
a) Quang phuc héi b) Lam mit nhom alkyl
¢) Néi lai bang ligase d) Stia sai bdng glycosylase
e)bvac

5. Cd ché siia chiia ddt bién bing cach loai bd sai héng trong and:

a) Quang phuc hi b) Lam m&t nhém alkyl
¢) N6i lai bang ligase . d) Stia sai bing glycosylase

e) T4i t3 hop
6. Diém khac biét giita k§ thuat tai t6 hop va k§ thuat dot bién:
a) T4i t6 hop 1a ky thuat ghép gen
b) Tai t6 hop phu thudce vao k§ thuat di truyén
¢) Dot bién khéng phu thudc vao ki thuat di truyén
d)avab
ela,bvac

7. 'Tan s6 d6t bién 14 miic d6 xuit hién ciia dot bién trén:

a) Mot nhiém sic thé - b) Mét t& bao
c) Mot giao ti ' d) Mét 14n sao chép
e b,c d

8. D¢t bién tu phat khéng do
a) Hb bién ctia base
b) Khi amin AP site ‘
¢) Khii amin tao base ddng déng
d) Dot bién léch khung khi polymerase sao.chép cac doan 13p lai cia mét
nucleotid '
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) Bi cm fing béi hoa chét
9. Cg ché chéng lai dot bién
a) NER - cét bd nucleotid b) Mtase — kht alkyl
¢) Glycosylase — cit bdbase sai  d) Dung nap AND sai
e) Tat ca '

10 Gen kich thich tré nén ting hoat tinh gy ra bénh:

a) Ung thu . b) Tién ung thu -
¢) Binh thudng d) Khong ung thu
. eyavab |
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Bai 9
‘MOT SO PHUONG PHAP VA K¥Y THUAT cO
BAN TRONG SINH HOC PHAN TU

MUC TIEU

— Mo té duge ddc diém mét s6 cong cu co bdn ciia sinh hoc phdn ti va cdch sy
dung chung.

— Trinh bay dude mét s6 phuwong phdp cd ban ctia sinh hoc phén ti.

— Vén dung duge cdc phuong phdp va cong cu nay trong thic hanh.

9.1. CONG CU CO BAN

9.1.1, Chung vi sinh véat _
Céc nghién ciru sinh hoc phan tir thuong dugc tién hanh trén E. coli vi n6 ¢6 bd may di

truyén da duoc nghién ctru kha ddy di va c6 toc do ting truong nhanh trong khi kha néng

gay bénh lai thap. Duéi day 1a mét s6 ching xudt phat tir chiing E. coli K12 thuomg sir dung:

- HBIOI: 1a chung thudng dimg cho viéc nhan ban cac dong va dong con cia plasmid.
Chung nay phat trién tdt va mot ddt bién & gen recd, 1am cho né6 mét kha ning thu'c hlen su
tai t6 hop gifta cac trinh tu tuong dbng. Dot bién nay lam giam kha ning tai sip xép céc
trinh ty da dong hoa trong qua trinh nhén ban.

— Y1090: 1a chung bi mét B-galactosidase dugc thiét ké dac biét cho viéc biéu hién cac
protein dung hop véi B-galactosidase. N6 chira plasmid pMC9, chiu trach nhiém téng hop
lugng 16n fac repressor va ngén su biéu hién cia fusion protein, trir khi Jac repressor bj bét
hoat béi isopropyl-1-thio-p-D-galactoside (IPTG). Chung nay ciing mang mot dot bién lon
(lam bit hoat mot protease cia £. coli), cho phep biéu hién manh cac proteln dung hop
ngoai lai. Phat trién trén méi truomg LB cd bd sung ampicillin dé duy tri sy 6n dinh cua
plasmid pMC9. : :

— JM103: ding & nhan ban cic vector clia phage M13, cung co the dung véi plasmld
pUC, la cac plasmid si dung ki thuat bd sung alpha dé chon loc dong tai t& hop.
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Ching nay bi mét gen p-galactosidase trén nhi®m sic thé, nhung c6 mang gen cho doan
omega cua B galact031dase trén plasmxd F, cho phép né bi nhiém boi cac phage dang soi
nhu M13. Néu mat plasmid F s& lam mét kha nang nay, do dé phai duy tri chiing nay trén
mdi trudmg tdi thiéu.

— JMI109; tuong tw JM103, ngoai trir c6 46t bién trén gen recA, lam cho n6 mét kha
ning tai té hop twong dbéng. Ching nay dugc ua ding hon JM103 néu t4i t6 hop 12 cac
doan chén thay déi. Tuy nhién, hiéu suét thu ADN cia M13 cia n6 thap hon IM103.

— DH5-¢: ching nay ciling ¢6 dic tinh bd sung alpha nhu JM103 hay IM109.
Chung nay mang gen recAl dot bién. Ngoai ra, nd con mang dot bién deoR lam d& dang
cho viée thu nhén cac manh ADN lém.

— DH5-aF ' chung nay rét t&t cho viée nhan ban vector M13 mp. N6 ciing cho phep
tao ra ADN soi don tir plasmid c6 origin f1 (nhu vector M13) khl bi nhiém dbng thei mdt
phage trg giup (helper phage). Khac véi JM103, F* episome, cin dé nhan ban phage soi
don, én dinh, khong cén sit dung méi trudng t6i thidu dé duy tri né.

— DMI: chung nay bi méat ca dam va dem methylase, enzym metyl hoa diém nhén dién
ctia RE ¢6 trinh ty GATC, CCAGG hay CCTGG. Do véy, ADN duge nhén ban trong
ching nay co thé duge cit ra bai nhidu RE ma & cac ching cac khong thé.

— SURE: ching nay dugc chon @& nhén ban cac dong plasmid c6 xu hudng tai sip xép
va la chung da dung cho viéc nhén ban plasmid. N6 mang mot loat cac dot blen nhim ngin
chin mdt sb cach sira chita ADN ¢6 lién quan dén su tai sip xép tao ra céc chu tric khong
xac dinh nhu Z-ADN. SURE ciing chira episome F* dé nhéan ban cac phage dang s¢i nhu
M13, cling nhu cc plasmid khang ampicillin hay chloramphenicol. N6 ciing khang dugc
tetracyclin va kanamycin, nén khong ding d& chon loc céc thé bién nap. G1ong phu DH5-«
n6 cling sir dung k¥ thudt bb sung alpha.

— XL1-Blue MRF’: tht tht d& nhan ban cac thu vién cADN hay genome ciing nhu cac
phage nhu M13. N6 mang cac djt bién 1am bét hoat hdu hét cac RE cua E. coli, do d6 ngan
viéc cét cac ADN c6 mang C hodc A dugc metyl hoa, hay gép trong cac cADN hay ADN
chén hach. N6 cé mang d6t bién hsdR, ngin sy cit ADN di tao dong bai EcoK. N6 ciing
mang recd, F’ va k¥ thuit bd sung alpha. Ching ndy mang gen khang tetracyclin nén
khéng dung dé chon loc dong sau bién nap. '

9.1.2. Vector tao dong

Vector tao dong I3 vét léu di truyén trung gian aé chuyén gen gifta cac té bao do
ching c6 kha ning dugc sao chép va phéan phéi vao cdc té bao m&i trong qua trinh phan
bao, nhd do gen dang nghién ciru cling dugc sao chép va hién dién & t4t ca cac té bao xuét
phat tir t& bao nhan gen ban dau. Vector tao dong 1a cac ADN c6 thé truyén duoc va dap
\mg cac yéu ciu sau:

— C6 thé dugc sao chép boi té bao nhan no.
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— C6 trinh ty nhan dién cta enzym gi6i han d cat va dua gen ngoai lai vao.

Mang mét hay nhiéu yéu t6 chon loc ndo d6 dé phan biét hoic chon loc t& bao nhan
dugce vector voi té bao khdng nhéan duoc.

Co Abc‘)n loai vector co ban dung trong nghién ctru sinh hoc phén tx 1a plasmid, cic
vector thuc khudn tiéu giai c6 ngudn gbec tir phage lambda, cac cosmid va vector tir cdc
phage dang soi nhu M13, tuy nhién loai sau ciing hién nay it dugc st dung.

9.1.2.1, Plasmid .

Plasmid 14 mdt phan tir ADN soi ddi, dang vong kin, nho c6 thé nhan ban doc 1ap véi
nhiém sic thé trong t& bao. Tét ca cac plasmid duge ding trong nghién cim sinh hoc phén
i phai thda méan ba yéu cau: : _

—Co yéﬁ t6 danh dau dé chon loc dong tai td hop, thudng 14 mot hay nhidu gen khang
khang sinh.

"~ C6 diém khoi du sao chép (Ori) cho phép nthan ban plasmid trong té bao chit khong
phu thudc nhiém sic thd. Céac plasmid duoc sir dung hién nay thuong co diém Ori c6 thé
kidm soét duge, vi du cho phép khuéch dai plasmid khi c6 mit chét tc ché téng hop
protein (nhu chloramphenicol). Diéu nay giup ting sb ban sao cia plasmid trong té bao chi
va cho hiéu suét cao khi chiét tach plasmid véi d6 tinh khiét khd t6t. Trinh tw ciia Ori ciing
quyét dinh s ban sao cia plasmid trong mét t& bao. ‘

—C6 ving tao dong (Multiple Cloning Site - MCS): 13 mét trinh tv ADN ngén, mang
nhidu trinh tu nhan dién duy nhét cia cic RE khic nhau ndm lién tiép (polylinker), cho
phép cit dé mé vong plasmid va ndi doan gen mong mudn vao.

Ngoai ra, mét s6 plasmid c6 thé mang yéu t6 danh ddu chén dé nhan biét plasmid sau
khi dua vao té bao da duoc ndi vai gen ngoai lai trong viing tae dong hay chua.

Plasmid dugc dua vao té bao chii bing cach bién nap (transformation) hay thim dién
(electroporation), ' |

pUC:

La moét day cac plasmid ¢ mang mét sb dic tinh cta vector M13 va pBR, lam thuén
loi hon cho thao tic. Kich thuéc nhé (2,7 kb), c6 gen khang ampicillin, diém Ori cla
pBR322 va médt phan gen lacZ cua E. coli. MCS (twong ty M13) nim trong doan lacZ nén
c6 thé dung k¥ thuit bd sung alpha dé 1am yéu t& danh ddu chén. Cho sb ban sao cao, va cd

thé duoce khuéch dai bang chloramphenicol.
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1 () o

Amp

pBluescript 1l SK (-) J§MC
3.0kb -~socl

pUC ori

Hinh 9.1. So d6 mot plasmid dién hinh

pBR322:

Plasmid dai 4363 bp (base pair - ciip base), ding dé tac dong nhanh va don gian cac
doan ADN. Cé gen khang tetracycline va ampicillin. Hiéu sut tao dong thip hon cac
vector sau nay.

PGEM va pBluescnpt Ir:

Mang nhiéu yéu td thuan tién cho thao tac. Kich thudc kha nhé (2,9 kb), cho s ban

sao cao trong t& bao E. coli thich hop (SURE). MCS nam gifra 2 promoter T7 va T3 cho
phép phién ma tir trinh tir dwoc chén vao.

'9.1.2.2. Cac vector tir phage lambda

Day 13 mot phage tiéu gidi, nghia 14 sau khi xam nhép t& bao chu, phage s&é nhan ban
ADN cia minh va fao cac virion, ly giai 1€ bao chit rdi phong thich phage. Néu té bao chi
dwoc nudi cly trong méi trudmg ban 16ng, pha nhidm vao va nhén lén s& lam té bao bi ly
gidi tao ra ving ly giai (plaque) xung quanh vi tri ciia phage ban diu, khi d6 mubn thu
hoach phage ngudi ta s& hit phin mdi truomg tai plagque.
- Khi duge ding lam vector, ngudi ta cit bo mot phin bd gen cia phage khong lién
quan dén qua trinh tiéu giai va thay thé bing doan ADN cén tao dong. Do dic tinh cla
phage, nén sau tai tf)‘hop kich thuéc c6 thé vector phai I6n hon 78% (38 kb) va nhé hon

102% (51 kb) so voi dang hoang dai (50 kb) thi méi déng goéi dé dang thanh phage dugc..

Vi véy, khi st dung 1am vector t4i t6 hop phai chu y dén kich thu’éfc doan gen mudn chen,
néu doan gen mong mudn khdng du kich thuée thi nguoi ta sé nbi thém ADN dén khéc dé
du kich thudce ¢6 thé déng géi dugc.

C6 hai diém thudn loi khi ding loai vector nay de xay du'ng chc thu vién tai tb horp
Thir nhdt, bd gen cha phage sau khi-t4i t8-hop cé-thé-dwoe déng goi bang cich tron véi ede
protein vo (d4 duoc thuong mai héa) (d6ng oo Trvirzo)=Dicu nay rit co ¥ nghia vi khi dé
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chi cin mét lugng it vector va ADN cin chén. Dong géi in vitro la cach don gian nhét ¢é
dura ADN tai td hop vao té bao E. coli chu. Thir hai, cac thu vién phage c6 thé dé dang phat
hién véi miu do, khuéch dai va bao quan trong mot thoi gian dai.

Agt10: |

Vector soi doi thing, dai 43,3 kb. Dung dé tao dong nhimg m&u ADN ngén (< 7 kb)
duoc cét bang EcoRl. Viéc chén nay s lam bét hoat ¢l (chit tic ché) gen (i434), tao ra
dong phage cl am. Phage khong tai b hop s& ¢é I’ va cho plaque duc trén té bao chu thich
hop nhu E. coli ¢600. Phage tai t& hop c6 cI” tao plaque trong dé dang nhén ra. Hon nira,
trong E. coli c6 d6t bién Afl, chi c6 phage cI 12 tao dugc plaque.

Agtll:
Vector soi doi thing, dai 43,7 kb dugc thiét ké chi dé tao dong cac manh ADN nhé
" dugc cit bai EcoRI (<7 kb). Vi tri cét duy nhat cia EcoRI nim gin dau tin coa JacZ. ADN
ngoai lai khi tao dong béng vector nay ¢6 thé duoc biéu hién thanh protein dung hop
(fusion protein) voi B-galactosidase néu duoc chén ding khung (frame) véi trinh tu ma héa
lacZ, va c6 thé phat hién bang khing thé danh ddu hay mau do ADN. Ngoai ra, viéc chén
ADN khéng ding khung s& tao ra phage /ac” nén tao plaque khéng mau trén ky chi cd '
_gal thich hop nhu Y1090, trong khi phage khéng tai td hop sé& c6 lac” va cho plaque xanh
(bd sung alpha). :
Vector ndy ciing co cac déc diém di truyén gitip cho viéc biéu hién cADN duge tao
dong N6 ¢6 chit tc ché tigu gidi nhay voi nhiét (¢1857), & 32°C chét trc ché hoat dong va
phage co dang tidm 4n bén, & 42°C, no bi bat hoat va phage s& chuyén thanh tiéu giai.

AZAP II:
Puoc thiét ké dé tao céac thu vién cADN. N6 ¢o the nhan doan chén den 10 kb v&1
MCS c6 6 vi tri chén. N6 cling cé bd sung alpha Va kha ning bidu hién gidng Agtl].

9.1.2.3. Vector cosmid

Cosmid 12 mdt dang lai giira phage vé plasmid va c6 duogc cac uu thé ciia ca hai dang
vector. N6 c6 thé diung @& tao dong cac doan gen co kich thude 16n dén 50 kb. Cosmid
vector mang yéu t& chon loc, diém Ori cua plasmid, vi trf tao dong va cac trinh tu cua
phage lambda méa héa cho vi tri cos. Pé t4i tb hop, ngudi ta cét vector bang RE tai vi tri tao
dong va trdn vdi doan gen muén chén (c¢6 chiéu dai tir 35 - 45 kb), vector va doan chen sé
duoc ndi lai bang ligase, tao thanh mot sgi ADN thang v6i doan chén bi kep gilra 2 phén
ctia vector. Sgi ADN nay khi & véi cac proteln v0 s& tao thanh phage va duoc giy nhiém
vao E. coli. Sau khi vao té bao chii, ADN t4i tb hop s& tao thanh Vong nho vi tri cos va hoat
dong nhu mot plasrmd - '
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9.1.2.4. Vector tir phage dang spi
Vector nay c6 ADN soi don xuét phat tir phage M13. Chiing ¢6 kha néng doc nhét vo
nhi 12 ¢6 thé tao dong ADN ca sgi don lan sgi kép. Trén thuc té, vector dang sgi d6i nhén
ban duoc dang vong c6 kich thudce 7 kb cia phage M13 duoc tinh ché va ADN ngoai lai
dugc ndi bang ligase vao MCS. ADN tai t6 hop dugc dua vao té bao chi bing cach bién
nap qua trung gian CaCly, khi d6 dang soi 461 duge nhan ban cimg véi soi don dang vong
tr mot trong 2 mach. ADN soi don béy gidr s& duge déng goi thanh virion va dugc xudt ra
mdi tnrcmg ma khéng c6 sur tiéu gial cna té bao E. coli, do viy ching s& tich liy v&i s&
~ luong rat lon trong moi trudng. Cac virion ndy ¢o thé duoc tinh ché tir mdi truong va tach
lay ADN sgi don dé 1am cdc thi nghiém nhu dinh trinh tu hodc 1am khu6n miu dé gay dot
bién dac hidu diém. Phin ADN soi d6i ciing c6 thé dugc tach va tinh ché nhu cic plasmid.

M13: Pay 12 mot phage dang soi cia E. coli c6 chira bd gen 1a ADN vong s¢i don
7,2 kb. Dong vector M13 mp duoc cai tao tir phage M13 hoang dai, cho phép tao dong mot
cach d& dang nhiéu loai ADN. Vi tri tao dong dwoc dua vao & dau amin tén cua lacZ.
Néu phage khong tai 6 hop nhlern viio cac té bao chi cé co ché bd sung alpha (gal’) nhu
IM103, IM109 hay DHS5-aF s& cho phép vi khuén chuyen hoa X-gal thanh chit ¢6 mau
xanh. Nguoc lai néu phage tai td hop nhiém s& lam mat kha nang nay va plaque vi khudn
s& khong c6 mau-xanh. :

9.1.3. Cac enzym lam bi&n ddi acid nucleic
9.1.3.1. Enzgym ciit han ché / methylase

Chirc nidng:

Enzym cit han ché (restriction enzym - RE) 1a cac endonuclease co kha nang cit ADN
tai hay gin mét trinh ty nhén dién dic hi¢u. Song song vdi chung té bao c6 cac enzym
methylase xiic tac viéc methyl hoa cdc trinh tir nhén dién déc hiéu va ngin can tic dong
cua enzym cit han ché. Céc loai khac nhau co cip RE/methylase khic nhau. Hau qua
1a néu cac ADN ngoai lai (vi du ADN phage) chua bi methyl héa s& bi cét va thodi hoa,
trong khi ADN ciia té bao chu dugc bao vé. Diéu nay gitip cho bd gen cua vi khudn dugc
én dinh. |

Phin logi RE:

C6 ba loai RE: I, 11 va III Loai I va Il mang mot phirc hé gbm ca 2 hoat tinh cét gii
han va methyl héa, loai nay cin ATP @ ¢o6 nang hrong va né cit ADN tai vi tri kha xa
diém nhén dién. Hai loai nay it duoc dimng trong cac thue hanh sinh hoc phén tir. Loai I chi
¢6 hoat tinh endonuclease, khong can ATP dé hoat déng va cit ADN tai hojc rét gfin V1 tri
nhén dién. Loai II duoc sir dung nhidu trong thuc tién sinh hoc phén ti va hién ngudi ta da
biét khoang 1000 RE loai ndy va co-vaitram loai da dugc thirong mai héa. ‘
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Dé goi tén RE ngudi ta ding ba ky tir Latin (in nghiéng) trén co s& tén chi va loai (doi
khi st dung thém ky tu thir tur dé chi ching (strain) hosic plasmid) va mét s6 La ma dé chi
thir tir phat hién ra enzym. Vi du: BamHI: 1a RE cia Bacillus amyloliquefaciens chimg H,
duoc phét hién déu tién.

Vi tri nhin dién / cit:

Vi trf nhén dién ciia da sb RE loai II thuomg chita 4 - 6 nucleotid va thudng cé gibng
nhau khi doc theo ca hai hudng (trinh tur palindrome). C6 4 kidu sfp xép cia trinh ty nhin
dién (xem Bang 9.1): palindrome (vi du BamHI, EcoRI); palindrome bj ngét (Hinfl, Xmnl);
trinh ty bj thoai bién, thudng c6 phin con lai cia palindrome (EcoRll, Hincll); khong phai
palindrome (Mboll). :

RE chi cht ADN sgi d6i va tao ra 2 dAu tn 5° phosphate va 3° hydroxyl. Dau cét c6
thé t3 (tli) hoc so le (con goi 1a du dinh) (Hinh 9.2). Néu trinh tu nhan dién c6 phan nao
tinh d8i xtmg thi diém cét thuong pim gitta né va & vi tri gidng nhau cho mbi soi.
Nguoc lai, thi vi tef ¢t c4ch khoang so voi né.

-AATCAGCTGTTA- -TAAGGATCCAAA-

-TTAGTCGACAAT- -ATTCCTAGGTTT-
Ciit v6i{Haelll | Cét v6i|BamHI

-AATCAG CTGTTA- -TAAG GATCCAAA-

~-TTAGTC GACAAT- -ATTCCTAG GTTT-
Péu ta (th) Déu so le (dinh)

Hinh 9.2. Diu cét ta va diu cit so le

Béang Bang 9.1. Mot s6 RE thwéng dang

Tén RE Vi'tri nhan dién / cat® " Vikhuén
Aatil S GACGT=C Acelobacter aceti
Aud AG+CT ) Athrobacter luteus
Ball {(Mscl)! . TGG*CCA Brevibacterium albidum
BamH! G*GATCC ' Bagillus amyloliquefaciens
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Bgil A*GATCT Bacillus globigii
Boll " T*xGATCA Bacillus caldolyticus
Bsp106l (Clafy! AT+CGAT Bacillus sphaericus |
‘ Caryophanon fatum
EcoRl G*AATTC E. coli
EcoRIl (BstN/)! *CC(AT)GG E. coli / Bacillus
stearothermophilus
Haellt GG*CC Haemophilus aegyptius
HincHl GTY+RAC Haemophilus influenzae Rc
Hindlll AxAGCTT ‘Haemophilus influenzae Rd -
Hinfl GxANTC Haemophilus influenzae Rf
Hpal GTT*AAC Haemophilus parainfluenzae
Kpnl GGTAC+C Kiebsiella pneumoniae
. Mboll - GAAGANNNNNNNN«+ Moxarelia bovis
CTTCTNNNNNNN=*
Mbol (Sau3A)" *GATC Moxarella bovis | Staphylococcus
' aureus 3A
Mspl (Hpall)! C+CGG quafena species
Notl GC+*GGCCGC Nocardia otitidis-caviarum
Pstl ' CTGCA*C Providencia stuartii
Pvul CGAT+CG Proteus vulgaris
Pvull CAG=CTG Proteus vulgaris
Sacl (Sstl)’ GAGCT*C Streptomyces achromogenes
Sacll (Sstly’! CCGC*GG Stréptomyc’:es achrbmogen‘es
Sall G*TCGAC Streptomyces albus
Smal CCC+GGG ~ Serratia marcescens
Sphl  GCATG*C
Stul AGG+CCT Streptomyces tubercidicus
Tagl T+*CGA Thermus aquaticus
Xbal T+CTAGA Xanthomonas campestris pv.
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badrii

Xhol C+*TCGAG : Xanthomonas holcicola

Xmal - C+xCCGGG Xanthomonas malvacearum

''¢6 cing vi tri nhan dién nhung khac ngudn gbe. 2 trinh ty nhan dién theo chiéu 5° - 37, * 1a vi tri cat. A:
adenin, C: cytosin, G: guanin, N: bat ky base nito nao, R: purin, T: thymin, Y: pyrimidin

9.1.3.2, Polymerase

Polymerase 1a c4c enzym chiu trach nhiém tong hop acid nucleic tir cac don vi
nucleotid. '

Diic tinh chung:

— Hoaqt tinh tong hop 5- 3°: T4t cd ADN polymerase déu ding deoxynucleotid—S’-
triphosphate (dNTP) dé gin thém 1 deoxynucleotid-5’-monophosphate vao dau 3’
hydroxyl ciia ADN mdi (cin luu ¥ ring mét s6 trudng hop ARN cé thé dong vai tro moi)
va phong thich pyrophosphate NTP. Tuy theo enzym, phan ing cén c6 khudén miu ADN,
ARN, hay khong. _ |

— Hoat tinh exonuclease 3'- 5" DPic tinh nay c6 & mét s6 ADN polymerase nhu 1a
chitc niing “sira 13i". Nghia 14 loai bé nucleotid ghn sai. Kha ning ndy déi voi mach don
manh hon. Trén mach kép néu ¢6 dia dNTP, hoat tinh téng hop manh hon. Hoat tinh nay
cling manh 1&n khi tang nhiét do.

— Hoat tinh exonuclease 5°- 3°: Mot s6 ADN polymerase ¢6 kha néng nay nghia 1a
loai bé cac nucleotld hay oligonucleotid tir déu 5°, do do cé thé phin huy doan mdi hay
khuon mau.

— Hoat tinh ribonuclease H: Chi c6 & m{t sb polymerase, n6 phén hity dac hi¢u ARN
khi c6 su hién dién cua phirc lai ARN/ADN.

— Dich chuyén sgi: Mot s6 polymerase ¢6 kha ning chuyén soi cii tir vai trd khubn
méu thanh sgi méi dang duoc téng hop. Néu khong c¢6 hoat tinh exonuclease 5°- 37, su
dich chuyén soi s& tao ra sy tbng hop chong chéo trén ctng mdt khudn mau. ADN sau khi
tach ra s& bi phin huy bdi exonuclease 3'- 5'.

— Khé ning xie Ij: La gia tri chi kha ning ciia 1 phén tir polymerase c6 thé tiép tuc
tdng hop trén s¢i khuodn trude khi tach ra va co thé bi thay thé bai mjt polymerase khac.

—Ti an sudit 16i: Khi st dung in vitro tan suét nay thudmg cao hon in vive va phu thude
vao didu kién tlen hanh. Bén canh d6 né ciing tuy véo kha ning “stra 16i” va xir 1y cla

polymerase.
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ADN polymerase phu thupc ADN:
E. coli ADN polymerase I:
Dugc phan lap tir E. coli, nhung ngay nay da duoc san xuét tr ching vi khuan c6 kha

. nang siéu téng hop enzym nay.

Mugc dich sir dung:

— Chuyén khia (nick translation): img dung trong d4nh dAu acid nucleic.

" _ Téng hop soi thir 2 ciia cADN. '

Daéc tinh:

— Hoat tinh téng hop 5°- 3™ dung doa.n mdi ADN hay ARN. Hoat dong 16t trén khudn

miu ADN. Kha ning xt ly thap va can thi-thiéu 1 uM dNTP.

— Exonuclease 3'- 5'; yéu hon polymerase ciia T4 va T+,
— Exonuclease 5°- 3°.
Doan Klenow (doan 16n cita polymerase I clia E. coli):

Thu dugc nho tac dong cia enzym thity phén protein trén polymerase I cia E. coli

hodic nhé siéu téng hop & dong téi t6 hop gen quy dinh polymerase da dugc bién dbi.
Doan Klenow khéng c6 hoat tinh exonuclease 5°- 3°. Gén day voi cong nghé di truyén da
tao duge dong san xuét doan Klenow khdng c6 hoat tinh exonuclease (exo’ Klenow enzym;

Stratagene).

Str dung:

_ Lam ta diu 3°bi hut (dAu dinh).

— Loai bd ddu 3’ nhd ra.

_ Dénh ddu ddu 3’ cia ADN soi déi, diic biét dbi véi dhu 3’ bi hut

— Téng hop soi thir 2 cia cADN, ¢6 uu diém hon polymerase 1 vi khéng c6 hoat tinh

exonuclease 5°- 3°.

— Péanh d4u bing k¥ thudt mdi ngiu nhién.

— Giai trinh tw ADN bing phuong phap dideoxy.

_ Téng hop ADN tir ADN soi don v6i mdi dic higu.

ADN polymerase T;.

Puoc ly trich tit E. coli bi nhim phage Ts. C6 dc tinh gén nhu doan Klenow nhung

c6 hoat tinh exonuclease 3'- 5' manh hon, khéng 1am dich chuyén sgi va khéng tic dong
trén ADN bi cét khia.

— Sir dung: Lam ta d4u 3’ bi huk:
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— Loai bo dau 3° nhd ra.

— Pénh ddu du 3’ caa ADN soi ddi.

— Tong hop ADN tir ADN soi don v6i mdi dac higu.

ADN polymerase T7_-

Gém 2 tiéu don vi: lon: ¢6 hoat tinh enzym do phage T; md hda; nho: 13 mét
' thioredoxin protein do t€ bao chit E. coli ma héa. Kha niing xtr Iy thap, nhung néu két hop
voi thloredoxm thi ting 1én rit nhidu. Khi thay dbi phin thioredoxin th1 hoat tinh
exonuclease 3'- 5' bi mét.

St dung:

— Giai trinh tr ADN béing phuong phép dideoxy.

— Téng hop céc ADN cuc dai.

— Lam t3 dau 3°bj hut.

— Loai bd d4u 3’ nhd ra va danh ddu déu 3’ cia ADN.

— Tdng hc_fp s¢i thr 2 cia cADN, ¢6 wu diém hon polymerase 1 vi khéng c6 hoat tinh
exonuclease 5°- 3°.

— Danh déu bang k¥ thuit mbi ngiu nhién.

Tag ADN polymerase: ]

Ly trich tir Thermus aquaticus, hién nay 48 c6 dang tai té. hop. Hoat dong tdiwud 75 -
80°C, hoat tinh giam 10 14n & 37°C. Hoat tinh enzym v&n con hon 50% sau 2 gio & 95°C.

St dung:

— Khuéch dai ADN béing phan tmg chudi polymerase.

— Giai trinh tw ADN bing phuo’ng phap dideoxy C6 kha ning thuc hién & nhiét do
cao nén tra.nh duoc cac céu triic thir cdp cta khudn miu va c6 thé tién hanh véi luorng mAu
rat nho.

Polymerase phyu thujgc ARN (hodc ADN):

Con goi 1a enzym sao chép nguge (reverse transcriptase). C6 2 loai: AMV (tir Avian
Myeloblastosis Retrovirus) va MMLV (tu Mouse Moloney retrovirus)

Str dung;: C

— Téng hop soi thir nhét ctia cADN. | _

— Dinh trinh ty ADN bing phuong phéap dideoxy. Trong vai truéng hop né tot hon cac
polymerase khac.
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ADN Polymerase khong phu thujc khuon miu:

Con goi 1a terminal (deoxynucleotidyl) transferase. Ly trich tir thymus ciia bé. C6 kha
nang thém nucleotid vao nhdém 3’hydroxyl ciia mdi ADN ma khéng cin khuén mau.

ARN polymerase phu thupc AND:

La cic enzym phién ma, mdt sb enzym thong dung nhu ARN polymerase ciia phage
SP6, T, T7. C6 kha ning phién md ARN tir khuén mau ADN. Uu diém cta no 1a: chi
phién ma tir vi tri khoi dong (promoter) dic hiéu ciia phage; tong hop nhanh cac phan tir
ARN dai hang nghin nucleotid; c6 thé cho ra 5 - 30 ban ARN tir mét khuén min ADN.

9.1.3.3. Ligase _ '

La enzym xuc tac su_tf)ng hop lién két cong hoa tri phosphodiester gifra diu 3’-
hydroxyl va5’-phosphate ctia ADN, cho phép ndi 2 phén tir ADN hogc déng vt‘mg ADN.
ADN ligase clia T4 va E. coli cdn ADN sgi déi, trong khi ARN ligase cua T4 c6 thé dung
ARN hodc ADN soi don.

ADN llgase cia E. coli cAn NAD dé ¢6 nang luong va c6 thé dung sira chita cho bi cit
khia hay ndi cac déu dinh. ADN ligase ciia T4 cin ATP dé hoat dong va c6 thé ding dé sitra
chd cit khia, ndi diu dinh va ca du ti, do d6 n6 dwoc sir dung rdng rai nhit hién nay.

9.2. MOT PHUGNG PHAP VA KY THUAT CO BAN
9.2.1. Chié&t tach va tinh ch& vat lidu di truyén
M&t k§ thudt co ban trong sinh hoc phan tir va cong nghé gen la chiét tach vat lidu di
truyén tir t& bao sinh vat. C6 it nhdt 3 kiéu khac nhau. Diu tién 12 toan bd ADN 1€ bao,
- thudong duoc sit dung khi can nguén vat liéu di truyén nhim thu cac gen dé nghién curu.
Kiéu thir hai 14 ADN plasmid, né bao gdm nhiing buée co ban nhu chiét ADN toan bg,
nhung ¢6 nhimg didm khac nhau chi yéu 13 & mot sé giai doan ADN plasmid phai dugc
tach ra tir hon hop ADN nhiém sic thé. Cudi ciing, ADN caa phage (thue khuén), né duoc
" chiét tach tir thyc khuén chir khéng ti t& bao chii nén vén dé tach ADN thuc khuin va
ADN nhiém sic thé khong quan trong, tuy nhién, cén c6 mot sb ky thudt dic biét 3 loai bo
capsid cta thuc khudn.
9.2.1.1. Nguyén tic chung :
— Té bao bi pha v& d& phong th:ch vit lidu di truyen cung voi te bao chat
— Té bao chit dugc xir ly dé két tua va dé lai ADN tan,
— Dung dich ADN du’oc b ddc va thu hdi & dang tinh khlet
Phd vé t¢ bio:

Viéc pha vo t& bao vi sinh vat nhim phong thlch vat lleu di truyén c6 thé thuc hién
bing phuong phép vat 1y hay héa hoe.
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Déi véi vide chiét tach ADN tir vi khuan, ngudi ta thudng ding phuong phép héa hoc.
Phin ngoai t& bao vi khudn gbm thanh t& bao va mang t& bao chit, khi dugc xir ly véi
lysozyme (enzym thuy phan thanh té bao) hodc EDTA (mét phic vong ¢6 kha ning danh
bét cac ion nhu Mg”, lam mét dn dinh cdu tric thanh 1€ bao), s& bi yéu di va té bao co thé
bi pha v&¥ dé dang hodc vai cac tac nhén nhu chét tiy (detergent) hay dung dich uu truong.

Chiét tich bang Phenol/Chloroform: ' |

Mot trong nhitng phuong phap. phd bién va hitu dyng dé phan lap va cb diic ADN va
ARN tir dung dich muréc 1a chiét bang phenol/chloroform sau dé tia bing etanol. Trong qua
trinh chiét bang dung méi hiru co, céc protein bi bién tinh va phan tach cing véi pha hiru
co hay trong phén phan gidi gitta hai pha hiru co va pha nuéce. Phenol duge sir dung trong
phuong phdp phai duoc dém thich hop d& ngan cac san phim oxi héa ca n6 lam hu acid
nucléic. Cén huru ¥ céc dng 1am bing polystyren khong chiu duge phenol/chloroform.

Trong truomg hgp luong protein cla t& bao qua 16n ngudi ta c6 thé xu ly trude voi
1 protease nhu Pronase hay Proteinase K.

Cac ARN, dic biét la ARN théng tin, ciing bi loai bo khi chiét bang phenol, tuy nhlen'
dé loai hoan toan ARN, ngu’m ta c6 thé diing ribonuclease.

Phén tha cia xac té bao va protein sé dugc tich ra bang cach ly thm, khi d6 pha nude
bén trén s& chira ADN va dugc it ra.

Thu héi acid nucleic:

A Théng thudmg dung dich ADN thu dugc cin ¢6 dic va loai tap bing cach két tia ADN
rdi hoa tan lai trong lwong nude tbi thiéu. |

Quy trinh két tiia kinh dlen vdi etanol:

'Véi sut hién dién cua mubi (catlon phai ¢co  hoa tri 1)va nhlet d6 thap, cdn tuyét dbi s&
lam tia acid nucleic. Trong qua trinh tia bing etanol, mubi va céc chét tan khéc nhu

. phenol va chloroform thira va nam lai trong dung dich trong khi acid nucleic tao thanh mét
két tia tring dé dang thu gom béng céch ly tAm. ,

Cac manh acid nucleic va oligonucleotid dai hon 15 nucleotid ¢c& thé dugc két taa hiéu
qué bing cach nay. D& két tia dugc hiéu qua, nong do acid nucleic phai it nhat 1a 10
pg/ml. Nong d6 thip hon van c6 thé duoc két tiia nhung do hdi phuc khong xac dinh dugc.

Dé tha cac ndng @6 acid nucleic thip hon, & & — 20°C (hay trong nudce da kho) tir 4 gid
dén qua dém, va sau d6 ly tAm trong 30 phit dé thu tha. Mot cach khac dé tha luong acid
nucleic hang nanogam mdt cach hidu qua la thém tARN ném men vao dt'mg dich dé thu
duoc ndng db acid nucleic cao hon 10 ug/ml trude khi bt diu quy trinh ch1et Xuét va tia.
Sy hién dién cla tARN khong phal 14 vn dé 10'n ngoal trir kh1 noé tuong tac voi cac thao
téc enzym sau d6 trén mau.
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Mum thudmg duge sit dung trong phuong phap nay la natri acetat 0, 3 M (nong do
cudi), mudi nay tan t&t hon trong etanol so véi NaCl 0,3 M, do d6 khong tiia cing véi acid
nucleic. Pbi véi miu chira sodium dodecyl sulfat (SDS), ndng do mudi nén ding 1a NaCl
0,2 M vi SDS s& tan trong etanol trong didu kién nhur viay. Amonium acetat 2 M c6 thé
dung thay natri acetat 0,3 M, (nhdm muc dich loai céc triphosphat) nhung no khoéng nén
dung néu acid nucleic sau d6 dwge phosphoryl héa béng T, kinase hay ghép dudi & dhu 3’
v6i terminal transferase, vi amonium s& trc ché cdc enzym nay. C6 thé dung LiCl 8M thay
cho natri acetat 0,3 M. Vi LiCl rét tan trong etanol nén tia thu dugc s& tuong déi it mubi
hon. Nhung khong nén ding LiCl néu ARN thu duge dimg dé lam khudn miu cho phién
ma nguoc.

Quy trinh két tira khic:

Néu mudn tha thé tich dung dich ADN lén hon, 1sopropanol ddng thé tich va&i pha
nude duge dung thay cho etanol. Tuy nhién, mét sé mudi khoé tan trong isopropanol va no
ciing kho bay hoi nén dbi khi cin thuc hién tiép mot quy trinh tha kinh dién voi etanol
_ neay sau khi tha bing isopropanol dé loai bé vét isopropanol va mubi.

Cac mARN varARN co the dugce tinh ché tir ADN sei doi va cac ARN nho (tARN va
58 ARN) bing hai 1in két tia chon loc voi LiCl 8 M ma khéng ¢6 etanol. Dung ddng thé
tich LiCl 8 M véi dung dich acid nucleic chira ARN, trdn k§ va 0 & - 20°C trong it nhit
2 gid. Taa cac ARN lon béng céach ly tAim 10000 vong/phit trong 10 phut & 4°C. Bo. phan
nude ndi (cé chira ARN nhd va ADN soi d6i), phén tan cén ARN- & néng dd khoang
1 pg/ml, rdi lap lai quy trinh tiia mot 14n nita. Cubi cing loai bo LiCl bang cach thuc hién
quy trinh kinh dién. '

Thu hoi bdng hip phu:

Do tich dién 4m, ADN bj hdp phu bdi silica trong sy hién dién cia céc tac nhén bién
tinh (vi du mudi guanidin), sau khi rira, ADN duogc giai hép phu bing dung dich c6 néng
d6 ion thip. Silica co thé duoc cho truc tiép vao dung dich ADN hoic duoc lam thanh cft
dé dung dich ADN chay qua. ADN thu hdi bang hép phu trén silica sach hon so voi
phuong phap két tia, tuy nhién cach dé khéng hiéu qua ddi voi cac acid nucleic co kich

thu6e nho. |

9.2.1.2. Chiét tdch ADN tir cdc dang té bao khac

Déi voi t& bao thuc vat hay ndm men, vé nguyén tc déu gidng nhu d01 v vi khuan,
~ tuy nhién c6 mdt sb diém khac biét vé& cach pha v t& bao. Thudng sir dung céc phuong
phép vt ly nhur nghlen té bao dd duge dong da trong coi. Te bao dong vat thuong khong cé
‘thanh & bao nén chi can xtr ly voi chattay 1a dn.
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Diém khac biét thir 2 14 thanh phén t& bao chét chira rit nhidu chét khéc ngoai protein
nhir la cac dudng, lipid, ... va khong bi tha boi phenol/chloroform. Pé khiic phuc, dich
chiét t& bao dugc xir Iy voi cetyltrimetylamonium bromid (CTAB), chit nay tao phirc
khong tan véi acid nucleic trong khi dudng va protein tan. Pinrc hop CTAB-ADN duoc ly
tAm @& tach rdi xir 1y véi NaCl dé phong thich ADN. Budéc tiép theo dwoc thyc hién theo
quy trinh tia bing etanol. '

M@ét cach khac dé tach ADN tir hdn hop chira nhiéu duong dua vao dac diém tich dién
am manh cia ADN. Dich chiét té bao duoe cho hdp phu véi céc resin hozic chay qua cdt co
dién tich duong, ADN bj gif lai trong khi céc thanh phin khac di qua. ADN gén trén resin
duoc thdi ra bing dung dich mudi c6 ndng d6 cao.

9.2.1.3. Plasmid

Khi cin ADN plasmid dé nghién ctru, didu cin thit 12 phai tich né ra khoi phin ADN
nhiém séc thé. Nguoi ta dd phat trién mét sb phuong phép cho phép loai bé hiru hiéu ADN
nhiém séc the trong qué trinh tinh ché plasmid. Nhimng phuong phép nay dua tren mot vai
khéc biét vé vét 1y gitta ADN plasmid va ADN nhidm sic thé, ma chu yéula vé leh thuée.
Plasmid 16n nhét ciing chi bing 8% kich thu6c ciia nhiém sic thé E. coli. Hon nfta ngoai
kich thurée chung con khéc nhau ve cAu dang (conformatlon) CAu dang nghia 1a cAu hinh
khéng gian téng quat cha phin tu ma hai cdu dang ‘don gian nhét 13 thing va vong
Ca plasmld va nhidm sic thé du c6 dang vong, tuy nhién, trong qua trinh pha v& t& bao
nhlem séc thé s bi giy thanh dang thing, con plasmid van & dang vong.

Tdach diwra trén kich thude: :

Khi tién hanh pha v& t& bao trong diéu kién duoc kiém soat chit ché va ém diu, ADN
- nhiém sdc thé khong bi dirt doan nén c6 kich thuéc rit 16n so véi plasmid va ADN nhiém
sic thé thuong gin v6i mang 1 bao nho d6 c6 thé loai bd bing cach ly tdm. Té bao duge
pha v& nhe nhang bing cich ly giai mét phin thanh té bao (cell wall) véi EDTA va
lysozym c6 su hién dién cua dudng (dé tao dung dich dang trwong), khi @6 t& bao s&
chuyén thinh dang sphaeroplast, sau d6 sphacroplast dugc pha v& bing mét tic nhin xa
phong khong ion hoa nhu.' Triton X-100. | '

Tdch diwa trén cdu dang - phwong phdp thiy gidi ktem

Té bao bi pha v voi tac nhéin .tay ion hoa nhu SDS, khi d6 cac ADN 16n nhu nhiém
sic thé bi dirt doan. pH dung dich dugc néng 1én 12 - 12,5 bing NaOH lam cho cic ADN
théng bi tach thanh sgi dom, trong khi ADN plasmid & dang supercoil (siéu xoén) nén
khong bj téc ddng. Khi thém acid dé 1am ha pH, ADN soi don lai tai hop, nlimng vi s¢i qua
dai nén két hop khong chinh xéc tao nén bo rdi day dic, khong tan va c6 thé d dang loai
bé bang ly tim. Phuong phap nay con thuén loi hon vi trong diéu kién ly giai nhu vay, héu
hét protein va ARN ciing trorthanh khong tan.va biloai bo.
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9.2.1.4. ADN phage

Péi voi phage lambda, moi trudng nudi ciy dé thu phage ducc ly tAm dé loai t& bao
chii. Dich thu dugc chira phage dem xu 1y v6i PEG (polyethylen glycol) va mudi (NaCl),
trong didu kién nay phage bi tha va tach ra bang ly tAm.

Théng thudmg tinh ché phage theo cich nay van con lan protein, ADN vi khuén va xac
té bao. D& c6 phage tinh khiét hon ngudi ta ¢6 thé dung phuong phap ly tam véi gradieht
ty trong CsCL S .

Dbi v6i phage dang soi nhu M13, ADN sgi déi (dang phage dang nhiém) dugce tach
gén g1ong phage lambda. ADN soi don thi don gién hon vi né duge té bao chu tiét vio mdi
truong véi sb lugng kha 16m, ta co thé thu méi trudong dem ly tdm loai te bao va tua phage
N bang PEG, sau d6 loai capsid bing phenol, rdi tha bang etanol.

9.2.1.5. Tinh ché acid nucleic

ADN duoc chiét tach nhu trén 1a mét hén hop khong ddng nhit cia nhleu loai acid
nucleic, do d6 can tinh ché thém néu mudn thu dugc acid nucleic tinh khiét hon. Viéc tinh
ché c6 thé thyc hién béng céc phuong phap:

~ Ly tam phan doan: dung dich acid nucleic dugc sidu ly t4m trong thang ty trong
dudng saccarose hay CsCl, khi d6 céc phén tir khac nhau s& tach theo ty trong (ty 1€ voi
kich thuéc phén tir). Cach ndy dugc dp dung khi luong acid nucleic cAn tinh ché 16n.

— Dién di gel va sic ky loc gel: tach acid nucleic theo kich thudc phén tir & qui md nho
(dién di) hay 16n (loc gel). Pién di véi gel polyacrylamid (PAGE) ¢6 thé tinh ché cac acid
nucleic vai khéc biét 1 nucleotid :

— HPLC: dugce ap dung chi yéu dbi véi cac oligonucleotid do d6 phan giai 1én dén 1
nucleotid.

— Séc ky hap phu: ARNm thudng tdn cung bang polyA, do do dugce hép phu bing
resin ¢6 gin oligo dT hay dU.

9.2.2. Ky thuit lai acid nucleic

Hai phan tir acid nucleic sgi don trong diéu kién thich hop ¢6 thé bét cip bd sung voi
nhau bing cac lién két hydro dé tao thanh phan tir soi ddi, qua rinh nay goi 14 lai héa acid
nucleic (hybridization) hay don gian 12 “lai phéan ti”. Phén tir sgi d6i thu duoc goi 13 phén

.tir lai (hybrid) hay duplex. Nhu véy, lai phan tir 13 sy twong tac khong héa tri, ddc hiéu
trinh ty gifta hai hay nhidu trinh tu acid nucleic bd sung de tao thanh mot phén tir lai. .

" Pay la mdt phan mg thuin ngh;ch, qué trinh ngugc lai khi duplex tich ra thanh cac
soi don dugce goi l1a su bié'n'ﬁnh‘(denaturation). Do tuong t4c gifra hai sgi acid nucleic
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trong phan tir lai 1a do lién két hydro, ching khong bén véi nhiét va c4e yéu td anh hudng
dén lién két hydro nhw luc ion, pH,... nén sy bién tinh c6 thé dugc thic hién bing nhiét 4o
hay héahoc. | |

Phan tng lai duge xem 13 dic hidu khi su bét cip bé sung hoan toan cua ‘mc?)t phén tir
v6i phén tir con lai dién ra trén mdét vung lién tuc gifra hai I’HIE_lCh,- nguoc lai khi ¢é cic diém
khéng bt ciip tdn tai gilta phin tir lai hofic mot phan tir chi bét cip mét phin voi phén tir
kia thi su lai héa duoc xem la khong déc hi¢u hay khong hoan toan. Phan tir lal dac hiéu
bén hon va khé bién tinh hon phan tir lai khéng dac hiéu. '

G-T-A-G-T-C-C Lai héa - G-T-A-G-T-C-C
. TSI
T-C-A-G-G-T .~ Biéntinh ST

Hinh 9.3. Lai héa va bién tinh

9.2.2.1. Cdc yéu té anh hwong

Do ban cht ctia phan u'ng lai 12 sy hinh thanh céc lién két hydro nén can bang phan
ung, d6 dic hiéu va dod bén coa duplex phu thudc vao cac yéu t6 sau:

— Nhiét d6: 1a yéu td quyet dinh do bén cia lién két hydro.

— P dai cac cac trinh tu lai: do dai duplex cang 16n thi cang bén va thdi gian phan
tmg cang lau. o ,

— Ty 18 GC trong duplex: ty 1& GC cang cao thi duplex cang bén.

- Néng d6 ion: anh hudng dén do bén coa lién két hydro.

— Nbng @6 cac phan tir va thoi gian phan tmg.

Nhiét d6 chay (melting temperature, Tm): 1a nhigt d¢ & do c6 50% sb6 duplex duogc
hinh thanh. Nhiét @6 nay phu thudc vao chidu dai va ty 1&¢ GC cia duplex, ngoai ra ndng db
ion ciing ¢6 anh hudng 1ém, do doé cach tinh Tm khd phirc tap va thudng phai xdc nhén
béng thue nghiém. Phan ting lai s& dién ra ¢ nhiét 46 nhé hon Tm cta duplex, nguoc lai or
nhiét d6 16n hon Tm, sy bién tinh cia duplex s& chiém wu thé. Cong thirc tinh Tm don gian
nhét nhur sau: Tm (°C) = 4(GC) + 2 (AT). ' :

9.2.2.2. Cac kY thuiit lai va trng dung

Trong tng dung, phan (ng lai dién ra gitra mdt phén tir dich (phan tir cin dugc phat
hién) va mot doan do (probe). Poan do [& phén tir oligonucleotid ¢é trinh tw bo sung vai
trinh tw cia phan tir dich, duoc danh ddu bing phéng xa, huynh quang, enzym hay céc k§
thuat danh d4u khéc nh&r do ta phat hién duge sy tdn tai ctia phén tir Jai hay phan tmg lai cé
diZn ra hay khong, néi cach khéc phan tir dich ¢6 tdn tai hay khong.
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Hinh 9.4. Ky thuat lai d& phat hién acid nucleic

Trong sinh hoc phéan tir, ky thudt lai duoc tmg dung dé phat hién su tdn tai cna acid
nucleic dich, nghién clru sy biéu hién gen. Trong y hoc né dugc tmg dung trong chén doan
phat hién bénh dua trén acid nucleic va nghién ciru bénh hoc. Pé dam bao tinh chinh xac cia
két qua phat hién, ngudi ta phai tién hanh phan tng lai trong c4c diéu kién sao cho sur lai dién
ra mdt cach dac higu, nghia la ¢o su bét cap dic hiéu hoan toan giira doan do va phan tir dich.
Khi d6 duplex s& bén va duoc phat hién. Nguoc lai, néu doan dd chi bt cip khong hoan toan
véi phén tir dich, duplex s& khong bén va bi bién tinh, do d6 khdng tzo tin higu lai. '

V3 mit k§ thudt phan img lai 6 thé din ra trén mang rén, trong dung dich hay lai tai
chd (in situ hybridization).

Lai trén mang riin: Mot trong céc phén tir tham gia dugc cb dinh trén chit mang rén,
phén tir con lai ty do trong dung dich, khi sy lai dién ra, duplex s& dugc cb dinh trén chit
mang. Lai trén mang rén 1a phuong phép phat hién acid nucleic trong k¥ thuat blot, trong
d6 mang nitrocellulose thudng duge sir dung. Cac bién thé cia lai trén mang:

— Southern blot: lai duoc thye hién véi dich ia ADN sau khi ¢4 duoc dién di trong gel
18i duge chuyén va ¢b dinh trén mang.

— Northern blot: ial duoc thyc hién véi dich 13 ARN sau khi d8 dugc dién di trong gel
rdi duoc chuyén va c¢b dinh trén mang. _

— Dot blot: lai duge thuc hién véi hdn hop acid nuclelc dlch ducc cham tryc tiép
1én mang.

Southern v northern blot cho phép phat hién va xac dinh kich thudc cia acid nucleic
dlch trong khi dot blot chi phat hlen D6 dam ctia vét lai tuong quan véi luong acid
nucleic dich. : :
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Hinh 9.5. Quy trinh Southern / Northern blot
Lai tai ch§: La k¥ thuat lai ding dé dinh vi acid nucleic dich trong md hay t& bao.
Lai trong dung dich: Phan img dugc tién hanh giira phan tir dich va doan do tir do
trong dung dich, duplex sau dé duge tach ra khéi dung dich dé phat hién. K§ thuft nay cha
yéu ap dung trong chin doan phat hién dua trén acid nucleic.

9.2.3. K§¥ thuat PCR (polymerase chain reaction)

9.2.3.1. Nguyén ly

K§ thuit PCR dua trén dic diém cha qué trinh sao chép gen trong té bao: khi ¢6 su
hién dién ciia cac nucleotid, enzym ADN polymerase s& tbng hop mach ADN bd sung véi
mach kia néu dau 3’-OH con tréng (xem Hinh 9.6). Ky thuft nay do Karl Mullis va cong
su phat minh nim 1985. _ '

K§ thuit PCR bao gém su leflp. lai ca mot tién trinh gdm 3 bude (xem Hinh 9.6 va
Hinh 9.7): ' o co '

1. Bién tinh: Bién tinh ADN so¢i d6i thanh céc soi don khudn miu.

© 2. Gan mdi: U ADN soi don véi cac doan mdi (oligonucleotid gén dic hig¢u véi ADN

Kkhuén mAu), sao cho mot mdi-ghn-véisoi-5>(mbixudi) vimbikia gin véi sgi 3° (mdi ngugc).
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3. Kéo dai: Enzym polymerase kéo dai cac doan mbi theo nguyén tic bd sung véi
ADN soi don khuén mau tao thénh 2 s¢i d6i mdi.

Tién trinh trén duoc lap lai nhiéu Jan. Tl chu ky thir 2, doan ADN gbc va cac sgi ADN
moi tong hop s& 1a khu6n mau. Nhu vy, sau mdi chu ky PCR s6 phan tir khu6n mau s&
tang gp doi, tao thanh hig¢u img khuéch dai. Mot phan {mg dién hinh c6 tix 20 dén 40 chu
ky va dan dén su khuéch dai ADN gbc glp hang ty 14n.

Polymerase

[ nucleotid

5-p

3-0H

Khudn mau

Hinh 9.6. Qua trinh sao chép ADN & té bao

9.2.3.2. Cdc yéu t6 ky thugt
Chu ky nhiét: ' .
Do ¢6 su thay d6i nhiét do lap lai giffa cac budce, phan img duge tién hanh trong may
~ luéin nhiét tw dong, c6 kha ning thay dbi nhiét dd mdt cach nhanh chéng theo chuong trinh.
Mét chu ky nhiét PCR dién hinh nhu sau:

_ Bién tinh khéi ddu; 95°C trong 5-10 phut (¢ nhiét 6 nay tAt ca cac ADN soi d6i, bit
ké chidu dai, du bi bién tinh). ‘

_ Chu ky nhiét: gbm 3 bude lap lai 20-40 lan.

+ Bién tinh: 94-95°C trong 30-gidy dén vai phut.

+ Gén mbi: 40-70°C (< Tm ctia mdi) trong 30 - 60 gidy.

+ Kéo dai: duge thue hién & nhiét @6 gin véi nhiét do t6i thich cta enzym (thudmg ia
65-74°C dbi v&i enzym polymerase chiu nhiét), thoi gian tuy theo d6 dai khudn (thuomg 1
phut cho méi kb). '

— Kéo dai két thuc: o nhiét d6 t6i thich cia enzym (thuong la 72- 74°C dbi véi enzym :
chiu nhlet) trong théi gian gap vai 14n thoi gian keo dai.
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Tlep tuc bién tinh, gin méi va kéo dai trong 20-40 chu ky
Hmh 9.7. Nguyén Iy PCR

Thanh phin phan img:

Phén g v6i thé tich 20-100 pl duorc tlen hanh trong éng nhya thanh mong v6i thanh
phén phan tmg nhur sau:

— Khuon miu: 1 pg - 1 pg, néng 5 cao s& trc ché phan tmg.

—MBbi: 0,1 - 1 uM, ndng @ qua cao s& din dén bat cdp sai va lam glam tinh ddc higu.

— Pém: cung cip pH thich hop cho phan ‘g va c6 nbng 46 Mg®* thay ddi (can tbi uu
hoa), thudng trong khoang 0,5-5 mM. : : :

_ Hén hop ddng luong cac dNTP: A, T, G va C, néng d6 200-250 uM.
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- ADN polymerase chiu nhiét: 0,5 - 2,5 don vi cho mdi phan g,

— Nuéc vira du.

Méi PCR:

Gém mdi xudi va mbi nguoc, 14 cac oligonucleotid, duge thiét ké theo cdc nguyén tac:

— Chidu dai 18-30 (téi thidu 15, nhung ¢6 thé dai hon 30) nucleotid, ¢6 trinh tu bd
sung dic hidu vdi khudn miu.

— Vi tri bt ciip trén khuén miu cla hal mdi s& quyét dinh vimg ADN dugc khuéch dai
trong PCR. Khoang cach céc vi tri bét cap trén khudn mau gitra hai moi khong qué 10 kb
(t6t nhit 1 < 3kb, nhung mét ) polymerase diic biét c6 thé kéo dai doan ADN dén 40 kb).

- Ty GC chiém 40-60%. Cac nucleotid AT va GC dugc phén bb déu, tranh ddn vao
mdt chd. Pdu 3’ ¢ia mbi nén ¢ cic nucleotid G hoiic C. Trinh tur clia mbi duoc lua chon
sao cho khong tao cdu tric kep téc va hai mbi khéng bét cdp voi nhau.

— Nhiét d6 chay cita hai mi phai gin nhau va trong khoang 40-65°C, nhung t6t nhét Ia
52-58°C.

Cich tinh nhigt dp giin moi:

Nhiét d6 gin mdi thuong thip hon nhiét do chay (melting temperature-Tm) khoang
3.5°C. Nhiét d chdy phu thudc chidu dai, tj 16 GC va didu kién mdi trudng nhw nng dé
mudi, ndng d6 ADN va duoc tinh toan bing nhiéu cach khac nhan, trong d6 don gian nhét
" 1 cong thirc sau: Tm (°C) = 4(GC) + 2 (AT). Trén thuc té nhiét 4o gin mdi can dugc t6i
wu héa bang thuc nghiém voi xudt phat diém 1a Tm 1y thuyét coa méi.

Polymerase chiu nhiét:

Do phan img si dung nhiét do cao dé bién tinh ADN khudn méu, PCR ngay nay dugc
tién hanh véi cac ADN polymerase chiu nhiét, ¢ nguén gbc tir cac vi sinh vat ua nhiét,
vi du Taq polymerase cia vi khuén Thermus aquaticus Cac polymerase khéc nhau c6 d6
bén nhiét, té¢ d xir 1y, kha ning xir Iy ADN dai va tn sudt I6i khac nhau va san phim cé
thé c6 dau tit hay so le.

Bang 9.2. Bic tinh mét s6 polymerase chiu nhigt

: . Nh,iét de Hoat tinh Do D6 bén
Enzym Nguén goc tiwu |. ° chinh |  nhiét Ghi cha
°c) exonulease xédc | (phit/°C)
Tag T. aquaticus 75-80 5.3 Thap | 9/97,5 |Puwoc sl dung phd
‘ bién nhat
rfth T. thermophilus 75-80 5-3 Thap 20/95 Coca hAoat tinh
' reverse
transcriptase
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™ T. flavus 70 Khéng Thap | 120/70 |Dung trong khuéch
: dai ADN dai
" Pwo  |Pyrococcus woesel| 60-85 3-5 Cao | >2h/100 | San pham |a ADN
' ‘ dau tu
Tii - Thermococcus | 70-80 3.5 Thap | 1,6 h/100 | San pham la ADN
litoralis ' ' Gau to
Verit Thermococcus 70-80 3-5 Cac | 6,7h/95 | Sanpham la ADN
litoralis : du tu
Vent exo- Tai t& hop 70-80 Khéng - | Thap | 6,7 h/95 |Dung trong gidi trinh
' ' . e
DeepVent |  Taitd hop . 70-80 3-8 Cao | 23h/95 |Cddo chinhxacva
do6 bén cao
San pham la ADN
dau tu
Pfu Pyrococcus 72-78 3-5 Cao 240795 |Co do chinh xac va
furiosus do bén cao
UlTma Thermotoga 75-80 3-5' Cao 50/95
maritima '

9.2.3.3. Cic han ché ciia ky thugt PCR

PCR c6 mot sb nhuoc diém: Phan tmg d& bi anh huéng béi sy nhidm tap cita cic doan
ADN ngoai lai va ching ¢6 thé dwoc khuéch da1 cing véi méu. Pigu quan trong la cac
ADN la nay c6 thé dﬁc_vc mang sang tlr cac Sur khuéch dai trude d6 (amplicon) hodc tir cac
ngudn khéc. DE loai bo tinh frang nay, quy trinh thyc hi¢n phai dugc tuan thi chit ché,
kidm tra chét lwong enzym mét cach nghiém ngit va sir dung bd pipet riéng va cac thanh
phén phan tng nén duoc phén lidu trude, bén canh d6 khu vuc chiét tach ADN, thyc hién
phan ¥mg va phat hién san phdm nén tach biét va thuorng xuyen duge chidu UV @ lam

giam acid nucleic trong khong khi.

PCR doi hoi nhiéu trang thiét bi thi nghiém déc biét. Mic dﬁ, PCR 14 ban tur ddng, k¥
thust vin doi hoi mot luong lao dong dang ké dé& chudn bi mAu va phét hién san phim
ADN sau do. ' |
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Hinh 9.8. Cac nguyén Iy real time PCR

9.2.3.4. Cac cat tién

Hién thoi 6 nhiéu k§ thudt PCR khéac nhau nhu PCR sir dung cac doan mbi t6
(nested), PCR ngucrc (reverse transcnptase RT-PCR), PCR nghich dao (inverse), PCR neo
~ (anchored)... M3t tién bd quan trong gan day trong PCR la real time PCR cho phép phat
hién va dinh lugng san phdm PCR béng huynh quang theo thoi gian thyc trong tube kin.
Realtime PCR dugc g nhidu trong chin doan, trong sinh hoc phén tir k¥ thuit ndy dugc
sir dung dé nghién ctru sur biéu hién gen. _Vigc phat Hign san pham duoc thue hién nho mét
trong cic nguyén téc sau (xem Hinh 9.8): Al
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1. Nhuém xen giita: Phan ¢ng PCR dugc bd sung chit nhudm xen giita nhu SYBR
Green I, chit nay néu ty do trong dung dich thi khdng phat huynh quang, nhung néu duoc
chén vao soi ddi ADN, vi du san phdm PCR, thi s& phat huynh quang. Tin hiéu dugc doc
khi chu ky PCR két thuc.

2. Phan hity doan do: 1 doan do dic hiéu véi trinh tu san phdm duge thiét ké sao cho 1
dAu dugc gin phan tir phat huynh quang, 1 ddu gan phan tir dap, do d6 khi con nguyén ven
hodic gén trén trinh ty dich thi khéng thé phat huynh quang dugc. Nhung trong pha kéo dai
cia PCR, Tag polymerase s& sit dung hoat tinh 5° exonuclease dé phan hiy doan do, dén
dén phan tir phat huynh quang va phén tir dip khong con & gén nhau nita nén huynh quang
s& dugc giai phong. Tin hiéu duge doc khi chu ky PCR két thuc.

3. Lai héa doan do: hai doan do c¢6 gin phan tit phat huynh quang duge thiét ké sao
cho déu gén dac hiéu voi trinh tw dich (san phdm PCR) theo kiéu dudi-ddu. Do d6, khi
cing lai héa trén trinh ty dich huynh quang clia phén tir thi nhét sé kich thich sy phat
quang cta phan tr thir 2 tao ra tin hiéu, nhung trong pha kéo dai, Tag polymerase s€ tach 2
doan do ra thinh dang tw do nén tin hiéu s& mét di. Tin hiéu duoc doc khi bét du chu ky
PCR sau budc gin méi.

9.2.3.5. Ung dung ciia PCR

K§ thuit PCR cho phép sao chép mot céch dac hiu doan ADN dugc gi6i han giita hai
méi 1én hang t§ lin, do dé img dung tryc tiép ctia né la dé thu lugng lon doan ADN dich
dé ding trong céc phan tir va nghién ciru sinh hoc phén tir, vi du dé lam ADN dich trong
tao dong gen.

Bﬁng cach sur dung doan mdi chira nucleotid ddt bién so véi trinh ty nguyén thuy, PCR
1a mét cong cu hiru hiéu dé tao cac dot bién diém dinh huéng chinh xac trong trinh ty dich.

Tuy nhién, tmg dung dugc biét dén nhiu nhét cia né la dé phat hién ADN trong cdc
phuong phap chin doan dua trén acid nucleic. Bang cach thiét ké cac doan méi dic hiéu
cho gen can phat hién, né cho phép chén do4n (vi sinh vét hay gen gy bénh) véi d6 nhay
va d0 dac hiéu cao.

Bén canh d6, PCR ciing duoc ing dung trong xac dinh quan hé huyét thong hay trong
phap y. |
9.2.4, Ky thuit tai t6 hop ADN va tao dong gen

Pé ¢b 1ap doan gen & dang tinh khlet voi sb luong 16n va nghién ciru cu tric, chuc
nang ciia né ta cn dwa doan gen d6 vao mot t& bao chi sao cho nd ¢6 thé nhan ban duge -
nghia la tao dong gen. Diéu nay hoan toan khéac véi k¥ thudt PCR - khuéch dai doan gen in
vitro tao ra sb luong ban sao 16n cia gen voi d tinh khiét du dé thao tac - doi hoi doan gen
dd dugc nghién ciru xong v& EAT triie (trinh i), do vay phaitao dong gen trude.
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Bang k¥ thuét tao dong gen, hién nay nguoi ta dd xay dung cac thu vién hay ngan
hang gen cua nhiéu loai sinh vt - v6i thanh tuu ndi bat nhét 13 giai mi bd gen ngudi trong
du 4n Giai ma Bd gen ngudi (Human Genome Project) - trong d6 mdi gen nim trong mot
dong té bao chu. |

K§ thuat tao dong gen gdm bén phin co bén: tao doan ADN, ndi doan ADN cin tao
dong vao vector dé ta_io phén tu tai td hop, dua ADN tai td hop vao té bao chii va chon loc
dong tai t6 hop. -

9.2.4.1. Tao dogn gen mong muon

Dung RE:

Mot trong nhimg cach d2 tao ra cac doan ADN cho viée tao dong 1a cét phan tir ADN
16m (vd: ADN nhiém séc thé) thanh cac doan nhé bing RE. Biéu nay thudng duoc sir dung
khi x4y dung cac thu vién gen (genomic library).

Viée cit duge thue hién tuong dbi don gian, tuy nhién, viéc phén tich va tim ra doan
gen thich hop sau do kha phire tap nhat 1a dbi véi cac bo gen lom vi s& doan tao ra 1én dén
hang trim nghin. Pé cit cac bd gen ngudi ta thudng sir dung 2 loai RE khac nhau dé cac
doan tao ra c6 kich-thuée vira phai cho viéc tao dong. Péng thai véi viée cét bang 2 RE
khéc nhau ta c6 thé phén tich cac doan thu duge va 14p ban dd cac vi tri ¢t cna bd gen.

RE dugc chon dé cit cin luu ¢ vi tri cit s& tao ra diu th (blunt end) hay d4u dinh
(sticky end) @ sau do khi duBi thing vector ta ciing phai chon RE tao loai dau twong tyr thi
viéc ndi doan gen véi vector méi thyuc hién duge dé dang dac bidt ddi vai cac dau dinh.

Néu ADN nguyén thity c¢6 cac diém nhén dién duy nhét biét trude clia RE (vi du trong
trudmg hop kiém tra két qua cta viéc tao dong) thi ta d& dang ding céc RE thich hop dé cit
1y doan ADN mong mubn.

Ky thuidt PCR: . .

Néu cdu triic doan gen da duoc biét, ta d& dang thiét ké cip mdi dac higu dé thyc hién
phan tng khuéch dai doan gen d6 dimg cho viéc tao dong.

Thong thuong doan ADN thu duge bing PCR ¢é cac dau bi so le (Iéch) khong xéc
dinh v& trinh ty. Do vy, trude khi ndi ngudi ta phai lam ta ddu san phdm PCR va sau d6
c6 thé gén linker hodc adaptor néu cin thiét dé c6 cac diu thich hop cho viée ndi véi vector
trong bude tiép theo. Mot cach khac dé khic phuc van dé nay 1a thiét ké méi ¢6 chira trinh
tw nhén dién cit cta RE, san phéan PCR thu duroc s& mang trinh tr nay va duoc cit v6i RE
twong tmg dé tao ddu cét thich hop cho viée ndi vao vector.

9.2.4.2. N6i ADN

Vector tao dong cling duoc cit dé dudi thing bang RE thich hop (thudmg 14 cing loai
v6i RE ding dé c.’:“it doan gen). '
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Pé nbi cac ADN trong thyc nghiém ngudi ta thudmg ding liagse ctia T4 (duge tinh ché
tir £. coli bi nhiém phage Tj). Khi tron vector di dubi thang va doan ADN véi ligase trong’
diéu kién thich hop, phan tmg dién ra tao lién két phosphodiester va ndi cac ADN lai. -
Trong truong hop tao dong, ADN tai td hop phai duge ndi hoan chinh v6i cac yéu tb cia
vector dé sin sang duoc dwa vao va hoat dong trong t& bao.

Mic di ngy nay k§ thuat néi (ligation) da tién b va cho phép néi cac ADN c6 déu tu
twong déi d dang, nhung néu lugng ADN thu duoc qua nhé thi viéc ndi bang déu dinh s&
dé thuc hién hom. Mit khac, viéc ndi cac ddu dinh s& dic hiéu hon. Nhung khong phai lac
ndo cling chon dugc enzym thich hop cho viée cit ddu dinh hodc cdc san phdm PCR
thudmg c6 diu khong xac dinh duoc. Trong didu kién nhu vy ADN cdn dugc bién dbi dé
c6 dau dinh.

Linker (doan néi): | _

Day 1a mot oligonucleotid soi doi tdng hop ngén c6 du ta va chia trinh ty cat
(dau dinh) ctia mot RE. Ligase s néi linker v&i doan ADN c6 diu ti, viée nay c6 thé thuc
hién d& dang mac dir 1a du ti vi ta cé thé sir dung mot luong 16m linker dé ndi. Sau dé
dimg RE cit linker dé tao ra ddu dinh.

Adaptor:

Viéc sir dung linker ¢ nhirge diém 1a néu trong doan ADN cén tao dong ciing c6 vi tri
cit cua RE gibng linker thi trong bude tiép theo RE sé& cit ludn doan ADN mong mudn va
lam hong nd. Pé khic phuc ngudi ta sir dung mot adaptor - ddy la mét oligonucleotid soi
d6i thng hop ¢6 sin mot ddu dinh (gidng voi dhu tao ra do RE cit diu dinh). Ligase s& nbi
adaptor vé1 doan ADN cé déu ti va tao thanh doan méi ¢6 ddu dinh.

Cén luu ¥ cAu tric phia 5° ciia déu dinh trén adaptor bi thay nhom phosphate bang
nhém hydroxyl dé tranh cac adpator ty ndi véi nhau. Do d6, sau khi ndi adpator xong ta
phai ding polynucleotid kinase dé tra lai nhém phosphate.

Tao dudi homopolymer:

Str dung enzym doxynucleotidyl transferase dé thém mét loat cic nucleotid (cling loai)
vao déu 3’-OH cia sgi ADN tao thanh dudi homopolymer. Trén vector d3 dudi thing ciing
thuc hién nhu véi}‘f nhung voi nucleotid bd sung véi cac nucleotid trén sgi ADN. Két qua
cling s& tao ra 2 diu dinh d& dang ndi véi nhau bang ligase.

19.2.4.3. Chuyén ADN vio té bao chit

Céc thao téc cit ndi trén vé thuc chét chinh 1a ky thudt tai t6 hop ADN. Céng viée tao
dong gen nam & chd dua duoc phan tir tdi td hop vao trong té bao chia. Tuy theo vector
dugc sir dung ta c6 cac phuong phap da gen vao té bao khac nhau.

Bién nap: _ o

Bién nap (transformation) 12 sy danh bit ADN tir méi truomg vao t& bao bai vi khuan.
Thong thuomg ADN sau khi danh bt s& bi phan hiy nhanh chong trong té€ bao hofc bi pha
lodng khi té bao phan chia qua cac thé-hé. Tuy nhién, néu ADN ngoai lai tich hop duge
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trén nhidm séc thé holic ¢6 kha ning tai ban duoc (co Ori) thi né cé thé ton tai duge trong
t€ bao qua cac thé hé. D6 chinh 13 truémg hop cla tao dong gen.

Trong tu nhién, chi mét sb it sinh vit c6 kha nang danh bat ADN tir méi trudng,
Mat khdac, tin sudt dién ra rét thép va mang tinh nglu nhién. Do d6, dé bién nap thanh céng
cac té bao ¢ kha nang can dugc xir Iy thém dé gia ting tin suit. Cac t& bao nhw vay goi Ia
té bao kha nap (competent cell).

— Chuin bi té bao kha nap: Ngubdi ta nhan thiy néu té bao vi khudn duge xir ly véi
CaCl, (thudng str dung ndng d6 50 - 100 mM) thi kha ning danh bit ADN ngoai lai tang 1én
rat nhiéu. Co ché cna hién tuong nay dén nay chua 3, cd thé CaCl, lam ADN két tha trén
mit ngoai t& bao hodc gay ra mét bién ddi nao d6 lam ting kha ning két dinh ciia ADN trén
té bao. Tai thii diém sau khi xir 1y, ADN chi dinh & mat ngoai té bao chmi chua vao trong.
Té bao kha nap phai duoc bao quén lanh va khi sir dung dé & nhiét do thap (4°C).
~ —Dwa ADN vio té bao chit: Sau khi tron ADN tai t& hop vé6i t€ bao kha nap, viéc
danh bit ADN thuc su dién ra khi té bao bj gdy sdc. Co ché hién nay van chua xac dinh, co
thé khi dé mang t& bao bi thung 1am cho ADN lot vao trong. Sé¢ nhiét: méi trudmg té bao
duoc ndng nhiét d6 1én 42°C trong thoi gian ngén (khoang 2 phit) rdi 1am lanh nhanh.

Chuyén rhiém (transfection): |

La tdp hop mdt s6 phuong phap chuyén gen vio té bao sinh v4t nhén that, dic biét la
té bao dong vit c6 vi. Co ché chung ciing gidng nhu bién nap, t& bao duge xir 1y dic biét
dé co6 thé nhan gen ngoai lai khi bi sc, nhung khac véi bién nap cac phuong phap nay ¢6
thé ap dung duoc cho céc té bao sinh vat khong phai 13 vi khudn.

Chuyén nhidm hiéu theo mét nghia hep 1a su chuyén gen bang cach sir dung phage gy
nhiém déi véi sinh vat nhay cam.

— Chuyén nhiém nhé phosphate calei: DAy 1a mdt phuong phép tuong déi don gian
dé dua plasmid tai t6 hop vao té bao dong vit ¢ vi. Bing phuong phap nay cé thé dua
cing lic 2 plasmid (co-transfection) vao té bao. ADN duoc trdn trong két tia cioa

- phosphate calci va dugc té bao danh bét bing co ché khong 16. Khi thuc hién phuong phap
nay can lwu ¥ doc tinh voi té bao coa két taa. C6 thé sir dung sbc glycerol (15%) dé gia
tang kha ning danh bat ADN néu té bao chiu dung duoc. :

~ Chuyén nhiém qua trong gian DEAE dextran: Phuong phap nay thich hop cho
vidc tao dong khong bén (transient transfection) hon. Té bao dugc treo trong
Dietylaminoetyl (DEAE) dextran (phén tir lugng 500.000). Thoi gian duge xac dinh thuc
nghiém tiy theo loai té bao va ¢6 anh hudng lon dén hidu qua.

- Qua trung gian liposom: Phu’orng phap nay nhanh, don gian va hleu qua c6 thé
chuyén déng thoi 2 plasmid vao t& bao v6i thn suft cao. Liposom duge didu ché tir cac
chit béo cation nhwr: N-(1-[2,3-dioleyloxy]propyl-N,N,N-trimetylamonium cholrid
{DOTMA) va dioleoyl phosphetidyl-etanolamin(DOPE)-(t¥-1¢ 1:1). Cac lipid nay duoc
cho tiép xuc véi ADN dé tao thanh mat Phie /hofi [€6)thé duoc danh bat boi t€ bao.
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Cin luu § ADN ding cho phuong phép nay phai tht tinh khiét thi higu qua méi cao.
Va phéi st dung vt q’:hfra bing polystyren thay vi polypropylen do liposom s& tao phire
khdng 6n dinh véi chat sau.

— Sir dung Lipofectamine: Tac nhan nay ]a mét dang cationic lipid duge diéu ché
thich hop, duge sir dung nhiéu trong thoi gian gan day vi cho hiéu quéa chuyén nhiém cao
v&i nhidu loai té& bao va cach sir dung r&t don gian, chi cAn tron véi ADN dé tao phirc va
cho vao moi trudong nudi chy té bao. Tac nhédn nay dac biét hiéu qua khi cin chiuyén nhiém
ARNi vao t€ bao.

Thém dién (electroporation):

Pay 12 mot phuong phép rat hiéu qua dé dua ADN véo té bio sinh vt gbm ca té bao
dong vt co6 vi, thuc vat, n4m men va vi khudn. Trong phuong phép nay, mot xung dién
cao thé (500 - 1500 V/em) duge truyén qua té bao duoc treo gilta hai dién cuc trong mot
thoi gian cuc ngén (2 - 20 msec). Xung dién c6 1& lam mang té bao bi thing vao dé cho
ADN lot vao.

Nhiét tao ra, su thay déi tinh thdm clia mang té bio chét, va cc higu tng khic c6 the
lam tén thuong té bao, tham chi chét. Do véy, diéu kién tién hanh phai dugc xéac dinh bing
thuc nghiém dbi véi céac loai t& bao khac nhau. ADN ding cho phuong phap nay phai thét
tinh khiét thi hidu qua méi cao.

DPagn sinh hoc:

Hay “sung ban gen” @& chuyén gen vao timg ié bao don & bang cach st dung ADN
duoc hép phu trén hat vang (dudng kinh 0,6 — 2 pm). Dé chuyén nhiém céc hat nay dugce
dat trong mdt dung cy goi la sing bén gen va duge phong ra nho helium ap suét cao xuyén
qua da vao t& bao. Hiéu suit chuyén cao hon hang tram Jin so v6i tiém bap vi gen duoc
chuyén thang vao t& bao nén khong bi phén huy.

Liposom:

Liposom chu tao 12 mdt mang kép phospholipid bao quanh mét hat nude, no ¢o thé chtra
phidu loai chét, ké ca ADN plasmid. Liposom ciing c6 thé duoc gin khing thé, protein hosc
duong 16n bé mit va nhdy d6 dinh huéng dén vai trd dic hiéu. Khi tiép xtic v6i té bao céc
mang phospholipid s& dung hop va phong thich ndi dung ctia liposom vao té bao.

Lipoplex va polyplex: ' . -

L4 céc phirc hop ADN véi mdt phén tir lipid bay polyme tich dién duong. Sau khi két
hop ADN, cac hat nay tich dién duong va duoc thue bao. Loi thé ctia hé thong nay la:

_ Béo vé plasmid, giam luong ADN cén; ' _

— Khi tuong tac vgi 1é bao bang co ché thuc bao, cac hat nay c6 thé kich thich dap tmg
mién dich tét hon va do dé thich hop cho ADN vaccin;

_ C6 thé sir dung qua nhiéu dwong nhw miéng, miti va pho;

— Pé dimg; '

" _ On dinh khi bao quan dudi dang dong kho
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9.2.4.4. Chon lpc dong tdi 6 hop

Théng thudng, viée ndi ADN vio vector khong bao gi¢ thanh cong hoan toan va dic
hiéu nén hdn hop ndi s& co nhidu két qua néi khac nhau (vi du: ADN ndi 14n nhau, vector
tu dong vong ma khong mang doan chén, ...). Do d6, sau khi dua ADN vao 1é bao, tién
hanh nudi cdy va phén lap cac dong thu duoc dé phat hién dong mang ADN tdi td hop.

- Viéc chon loc dong tai td hop dua vao du hiéu chon loc (selectable marker) cua
vector, vi tri chén va té bao chi. Trén céc vector thuomg mang cac gen dé khang khang
sinh, do d6 mdi trudéng phéin lap thuomg chira khing sinh twong {mg va chi d(‘)ng té bao nao
nhén dugc vector (co thé t4i t& hop hodc khong) méi moc duge. Trong s6 cac khom thu
duoc (c6 mang vector), dua vao vi tri chén va k¥ thudt danh déu sir dung @& phat hién dong
mang vector tai t& hop. Nhin chung c6 mét s6 phuong phép chinh nhu sau:

— Sir dung k¥ thuét b sung alpha: dua trén su hién dién cia hoat tinh p- galactosidase
(chlu trach nhiém thiy phén lactose thanh galactose). Enzyrn nay la mét tetramer, trong do
mdi monomer cé 2 manh (alpha va omega). Bd gen cua té bao chit bi ddt bién mét hoic bét
hoat phin mi hoa cho manh alpha, do d6 chi san xut duoc manh omega cia enzym,
khong du dé ¢o6 hoat tinh (kiéu hinh lac-, khong thay phén dugc lactose). Trong khi do,
vector lai mang trinh tir ma héa cho doan alpha va vi tri chén gen ngoai lai s& nim trong
trinh tu nay. Do d6, néu té bao nhin vector mang chua tai tb hop thi s& dugc bd sung méanh
alpha va co kiéu hinh lac+, nguoc lai néu vector bj tai tb hop véi gen la trong trinh ty mé
héa méanh alpha thi méanh alpha s& bi bt hoat vi té bao s& c6 kiéu hinh /ac-.

— Sir dung sy dé& khang vé6i khang sinh: vector mang 2 gen khéng- khang sinh, vi tri
chén nam trong 1 gen khang khang sinh. Néu vector mang ADN tai td hop dong thu duoge
s& mét kha nang dé khang véi 1 trong 2 khéng sinh. Do d6 ta c6 thé sir dung phuong phap
in ddu @& phat hién.

_ Chon loc truc tiép: day 1a cach tét nhit nhung khé thuc hién trén thuc té.
Trong phirong phap nay, doan chén s& mang dén cho-té bao nhan duge nd cc dic diém
kidu hinh ma cdc déng khac khong c6 va ta d& dang nhan ra khi phan 1ap. Vi du, doan chén
mang gen ma hoa sic t§ hay enzym.

— Lai khom (colony hybridization): 4p dung cho trudong hop doan chén di biét trinh tur.
Cac khém sau khi phan lap dugc in diu 1én mang nitrocellulose hay nylon, té bao trén
mang bi pha huy d& bd 16 vat lidu di truyén. Mang loc Ic nay duge cho lai voi doan do
duoc danh diu twong 1rng cua doan cheén. Néu khom nao mang doan chén sé ¢6 tin hiéu, tir
vi tri tin hiu trén mang loc suy ra khom twong Umg trén hép thach ban du.

9.2.5. Xac dinh trinh tr cia acid nucleic _

Hién nay c6 hai phuong phap gidi trinh tu dugc sir dung phé bién la Sanger-Coulson

va Maxam-Gilbert. Trong dé, phuong phép $Sanger-Coplson cho hiu qua cao, it doc hai
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hon va 1a phurong phap duge sir dung trong hiu hét truémg hop, tuy nhién can phai biét
trirdc mot phan trinh ty dé thiét ké mdi giai trinh tu. Phuong phap Maxam-Gilbert cho hiéu
qua kém, sir dung nhiéu hoa chit doc hai va chét phong xa nhung cho phép giai de novo vi
khong _cé“tn r_nf")i. _

9.2.5.1. Phuwong phdp Sanger-Coulson

Phuong phdp nay do cdc nha héa hoc ngudi Anh 14 F. Sanger va A.R. Coulson phat
minh nim 1977. Phuong phap nay dua trén su téng hop chudi ADN bd sung voi chubi cin
gidi trinh tu bang enzym polymerase, trong dé khi nucleotid duge thém vao mach la
_ didesoxynucleotid thi su tdng hop bi chdm dirt (vi & C3—OH clia dudng desoxyribose bi lay
di OH thay bang H, khién céc didesoxynucleotid khdng con kha niing hinh thanh nbi
phosphodiester v&i nucleotid tiép theo). Do d6, phuong phap nay con goi 1a phuong phap
nucleotid nging chudi (chain termination) hay 14 phuong phip enzym. Phuong phap
nguyén thiy duge thuc hién irén ADN soi don, tuy nhién ngay nay né dugc thue hién voi
ADN soi d6i nhé bién tinh véi nhiét twong iy PCR nhung chi véi 1 moi.

Trinh tu cin giai: :
57 -GGCCGCETCTTCGCCGTAG-3"

San phim cia cac phan Gng:

[Phan (mg véi ddC (G): s0 ny| [Phan ong vai ddG (C): sonu
5¢-C 1|5 -cca 3
5¢ -CC 2157 -CCGG 4
5 - COGGT s | |57 -cceeee &
S - COGROGE 7| CCGRGCGCAG )
5 - CCGGUGCAGAAGT 13| [B) -CCBCCOCAGhAG 12
5 ¢ - CCGGECGCAGRAGLEGT 16| [P, - CCECCOCACAAGLG 14
- 5 ¢ - CEGCGCAGAAGCGE 15

5 -CCOGGCCCAGAAGCGGCATC 19

: . Phan irng. va&i dda (T): s0 nu
[Phan omg voi ddT (A): . 50y |5’ -CCGECGCA 8
5’ - CCGECGCAGRAGCGECAT 18] |5 ~CCQGCACAGA 10

o
5 ~-CCGGCGCAGAA 11
S« -COGGECGCAGAAGCEGCA 17

Két qua dién di cac phan ung:
$6 nu G A T c

4 30

—
o]

s

5,

L SRR VRN RN )

. Hinh 9.9, Giai trinh tw bind phwong phap Sanger
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Quy trinh:

Thue hién phan tng tdng hop ADN bing polymerase véi nguyén liéu 1a ANTP co bd
sung klgoang 1% i;ac ddNTP khac nhau,’ do sir kéo dai mach s€ ngimg lai khi gép ddNTP, '
san pham s€ la hon hop cac ADN bi két thic & cic nucleotid twong tmg voi dANTP cla
phén ‘mg do. Cu thé:

— Thuc hién 4 phan tmg tong hop ADN riéng biét v&i thanh phan gom

+ Phin chung (gibng nhau) gbm:

* ADN cén giai trinh tu (khudn mau).

* Mbi: 1a oligonucleotid bit ciip bd sung v&i phin dAu trinh ty cin giai.

* Cac thanh phin khdc cia phan ing téng hop ADN: dém, ion Mg, dNTP,
polymerase.

+ 4.phan tng khac nhau do ¢6 thém 1% ddNTP khac nhau:

* T: 06 ddATP |

* A co ddTTP

*C: c6 ddGTP

* G: ¢6 ddCTP.

‘ M&bi hosic ANTP hoiic dINTP s& dugce dénh ddu bing phéng xa @ hién hinh san phim
bang tu xa ky.
— MBi 6ng san phim duoc nap vao mot giéng dién di.
— Ket qua dién di s& dugce hién hinh nho k¥ thuat ty xa ky va duge doc thanh trinh tu
ADN cén g1a1 (xem Hinh 9.9).
Giii trinh tr tr d‘ong

Gén day, ngudi ta cai tién phucmg phap Sanger—Coulson dé ¢6 thé tr dong héa hoan
toan (xem Hinh 9.10) bing cach gin cdc ddu huynh quang khdc nhau vio timg loai
dideoxynucleotid. Vi du mau xanh cho Adenin, mau do cho Cytosin. Do cac chudi ngimg
dbi v6i timg loai ddNTP khéc nhau dwoc danh ddu huynh quang véi mau khac nhau, ngudi
ta khong can phai tach thanh 4 ng phan tmg ma thyc hién tit ca trong cing mét dng.
San phdm duoc dién di bing mao quan va thir ty mau twong tmng véi dANTP s& duoce doc
truc tiép thanh thi tw cAc base nh& mét dau doc laser dit & cudi mao quan.

Mao quan TeaTTeaTe doctrinh or =
e ""“__m. R . - May tinh
" Cacmanh ADN & Déu doc %
. 05 huy¥nh quang - Y
. Laser V-~ L -
San . E Pém S aser=s E B
pham - . = | Déu doc

‘Hioh 840 Giawtrinhytw hwedong
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9.2.5.2. Phwong phdp Maxam va Gilbert _

" Phuong phéap nay dua vao sy thiy giai hoa hoc tai céc nucleotid dic hiéu ctia phan tr
ADN cén xé4c dinh trinh ty, do d6 con goi la phuong phap hoa hoc, do Allan Maxam va -
Water Gilbert (M§) phéat minh ndm 1977. '

Qui trinh: :
" Viéc giai trinh t bing phuong phap hoa hoc dugc tién hanh qua cac bude:
—Tao ADN soi don tir doan ADN cén giai trinh tu.
_ Pénh déu céc phan tr ADN & mot dau bing *2P.
- _ Thue hién 4 (hodc 5) éng phéan tmg riéng biét bang cach xir Iy ADN voi:
+ G: Dimethyl sulphate 1am cho Guanin bj methyl hoa
+ AG: Formic acid lam che Adenin va Guanin bj methyl hoa
+ TC: Hydrazine giy bién dbi & Thymin va Cytosin
+ C: Hydrazine + 1,5 M NaCl gay bién déi & Cytosin
Xir Iy 4 bng trén v6i piperidine 1M/90°C dé cit ADN & lién két phosphat ké nucleotid
bi bién ddi. Ngoai ra, ngudi ta c6 thé thuc hién thém phan tng:
+ A>C: NaOH 1,2N/90°C cét ADN & Adenin va mot sé & Cytosin.
‘— Mdi éng duge nap vao mot giéng dién di va hién két qua bing k¥ thuat tur xa ky,
trong d6 chi manh ADN bi cit duge danh ddu mai hién hinh.
— Két qua tu xa ky duoc doc va bién luan thanh trink ti (xem Hinh 9.11).

Trinh wr céin giai:
5* - PTTGACTTAGCCN-3 *
San pham cér sau khi xir 1y:
Phan g G . 5B Y Phin ung ACG HB nu
22p - TG 3 EFp-TTC 3
PRp - TEGACTTAG o Zp - TTGA E)

- — ~ 2o TTGACTTA 8
TFhiin dag T i nu 32 G AT A o
PPp-T 1
F2p_mpr 2 Phin ang C i 48 nu
3TH  TTGEAC 5 ETp.TTGAC 5
2P - TTGACT G | *2p-rreacTTAGC 10
*Ep-TTGACTT 7 12 PTGACTTAGCC 11
22p - TTEACTTAGC 10
2 EPp o TTSACTTAGCC 11

Két qua nr, xa ky va doe trinh
G A/ T/C , <
13
R3]
11 -- o2
10 - ) <
=3 L)
3 > A
i A T
G —————— T
5 "t M imd CETG e C
-3 L A
3 ol s G
-4 P —— T
T A T
2

Hinh 9.11. Giai trinh tw bang phwong phap héa hoc
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CAU HOL:
1. Cach nao khéng dung dé tinh ché AND?
a) Séc ky i luc
b) Sac ky loc gel
¢) Séc ky trao ddi ion trén vi cét

d) Sic ky long hidu ning cao

e) Sic ky khi |
2. Enzym cit gi¢i han loai duoc img dung nhidu trong k¥ thut t4i td hop di truyén:
a) I b) 11 c) Il d) I va 0l e)ITvalll
3. Poan Kelenow exo - khéng co hoat tinh nao? .
a) Exonuclease 3’ - 5° ¢) Polymerase 5° - 3’
b) Exonuclease 5” - 3’ | d)CaAvaB
4. Phuong phap thu hdi AND béng hp phu trén silica khéng c6 wu diém nao?
a) Hiéu qua vai AND nho
b) DE thuc hién ¢) Nhanh - d) Sach
5. Yéu 16 anh huéng dén su lai héa: -
a) Nong do6 AND
b) Nhiét do va thoi gian phan img d) Luc ion
¢) D6 dai cia céc trinh ty  e)Tatca

6. Mi trong phan tmg PCR:
a) Poan AND ngén, mach hon
b) C6 trinh tr bb sung v&i AND khuén tai diém déu sao chép
c) Dai tir 6-30 nucleotid
d) La oligonucleotid

e) Ttca

7. Tinh nhiét do “chay” cia doan mdi nhim x4c dinh nhiét d6 thich hop dé:
a) Bién tinh mdi
b) Mbi gin vao khudn
¢) Téng hop tir khudn trén gel
d) Méi khéng gin bd sung vao nhau

€) Méi gan vao cac doan khie nhau
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8. Chon chu k)‘( nhiét PCR duva vao 2 yéu t8 1a kich thudc cia khudn va:
a) Do tinh khiét ctia khuén -
b) Néng d6 ctia khuén
¢) Kich thudc mdi
d) Trinh tu mbi
e}cvad
9. Realtime PCR str dung SYBR Green 1, doc tin hiéu sau giai doan nao?
a) Bién tinh c) Kéo dai : - e) Lic nao ciing duge
b) Gén mdi d) Két thic phan tng
10. Bic diém khong thude phuong phap dinh trinh ty ciia Sanger:
a) Xir ly hoa chuyén biét 1am bién dbi diic trung mot loai nucleotid
b) Str dung AND polymerase,
¢) Nucleotid duge danh diu
d) Phan tmg tién hanh trong bén phan doan

¢) Cé str dung dideoxynucleotid.
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PAP AN

Bai 1. Nhap mén sinh hoc phén ti

1.b 2. e 3.c 4. e 5. a
Bai 2. Sao chép ADN ‘ _

1.d 2. b 3.d ' 4 e 5. e

6. e 7. a 8 b 9 b 10. b
Bai 3. Cac loai ARN _

l.e 2.a 3. a 4. d 5 b

6.b | 7. e 8. ¢ 9.d 10. e

Bai 4. Sy phién mi va ma di truyén -
l.e 2.e 3. e 4. ¢ 5. e
6. b T.c 8.c 9. e - 10.a
Bai 5. Sinh téng hgp protein |
l.e 2.d ' 3.a - 4.a - 5.b
6.d 7.e 8. e 9.d 10. ¢

Bai 6. Didu hoa hoat dong gen

l.e 2. e 3.d 4.b 5 a

6. e 7.d 8. e 9.b 10.b
Bai 7. B§ gen t€ bao nhan that |

1.b 2.d 3.e 4. e 5. e

6. e 7. e 8.e. 9. e ' 10. e
Bai 8. Dot bién gen

l.c , 2.e 3.e 4.d 5.d

6.e 7. e 8.d 9.¢ 10. a
Bai 9. Mot s6 phuong phap va ki thuéit cd ban trong sinh hoc phan t&

1.e 2.c : 3.b 4. e H.a

6. e Toe 8.b O.e 10.e
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v BA SON
Trinh bay bia:
BUI QUANG TUAN

Ché'bdn:
THAIX SON



- © Ban quyén thudc BB Y t& (Cuc Khoa hoc céng nghé va Dao tao - B3 Y t6)

SINH HOC PHAN TU
(Dung cho dao tao dudc si Pat hoc)

Ma s6: 7K721y4-DAJX
S6 dang ki KHXB : 453-2014/CXB/ 19- 280/GD,
In 500 cudn (QD in s6 ; 14), khd 19 x 27 cm.
In tai Cong ty CP In Phuc Yén.
Tn xong va nop luu chidu thang 03 ndm 2014,





